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I.CffLLlSm HAWirfi|[L(ftAI(DtE) 

a Rou 9^ (loisH prevents 
slipping from rubber 
gloves 

b Handle placed m hne with 
drill point, rijoving parts 
balanced in line be 

tween handle and drill 
points These factors elimi* 
nate tendency operator's 
hand to deviate 
c Handle design permits effi* 
cient operalioi^ jn any po- 
sition 


WHY ARE SQ MANY BONE SURGEONS 
SWITCHING TO THE NEW COLLISON BONE 
PLATES AND CRUCIATE-HEAD, PILOT- 
POINT BONE SCREWS AND INSTRUMENTS? 

Developed under the supervision of the Army Medical Research 
and Development Board, all Collison Bone Plating Equipment ir 
\Precision Engineered and manufactured to designs determined by 
. clinical experience. All Collison Bone Plates and Screws are made 
Ifrom Stainless Steel, 18-12-SMo, (commonly known as 18-8-SMo). 
jin accordance with formula adopted by the Sub-Committee on Bona 
Plates and Screws, Committee on Fractures and other 
Trauma, American College of Surgeons in 1945, to guard 
as far as possible against plate breakage and absorptior . 

See: pp. 335-347 Journal of Boat 
and Joint Surgery, April, 1947 issue 


5. COLLISON CRUCUTE HEIO 
SCREW DRIVER (HANDLE) 

a Octangular ahapo forgreat- 
er grasping power 
b Rough iiniaf) prevents 
slipping from wet rubber 
glovfli 

V 

9. COLLISON PILoT-POINT 
COUNTERSikk 

o Pilol’Polnt allows Coun- 
tersink to bo Used tn an- 
gulation without slipping 
sideways due to angle 


7 . COUiSOII HAND DRILL 
(GEAR SYSTEM) 

Geared low to prevent 
bone drill from burn 
ing bone 

Features Jacobs Chuck 
providing noD-sIlp 
grip on drill point 




ID. COLLISON CLEARANCE 
DRILL POINT NO. 36 

Used to drill clearance 
holes in bone graft 
Used to drill clearance 
holes in proximal cortex for 
trsnsfixation screws when 
using screws only to ap 
proximatefracturesurfaces 




3. COLLISON DRILL POINT 

a Non Breakable, can be 
bent into S shape with- 
out breaking 

b Cuts on forward end 
only, eliminates en- 
largement of proximal 
cortex while drilling 
distal cortex 



6. colusDN mzm m\i izm 

a Self tapping flutes assure 
easy insertion of screw with 
superior thread-cutting le 
suit 

b Pilot-Point maintains con- 
stant alignment of screw to 


Enlarged 

drill hole 

One diameter screw, with 
constant tolerance of threads, 
used with single size drill- 
point, provides maximum 
bolding power in every ap- 
plication 


11, COLLISON DRILL GUIDE 
ViWiUHirffirAfr 

o Center, the Drill Point tn 
the center o( 1^0 clearance 

hole tn the bone gralt U.etl 
In coniunclion with the 
Counter. Ink, 
screw properly it provides 
protection sg^jnit splitting 
of bone graft 


7. COLLISON CRUCIATE HEAD 

a Allows moderate angula- 
tion of screw driver with- 
out disturbing direction of 
screw or causing screw 
driver to become disen 
gaged 

b Utilizes universal joint 
principle in relation of 
screw to screw driver 



write: 






4. COLLISON DNILL GUIDE 

Centers drill hole in hole 
in pfafe fhabfes taper on 
Bcrew head to fit counter 
aink in plate Eliminates 
damaging of screw flutes 
and threads caused by rub- 
bing the side of hole in 
plate and thus assuring 
maximum holding power 


B. COLLISON BONE PUTE „ .k. ,„ctn,o .it. 

a Can be bent to conform c Underaide curvature of 
with contour of bone with- plate increased to assure 

out buckling both edges rest on bone 

b Middle of plate wider to This prevents rocking and 
increase strength where resultant fatigue to screw 
maximum atrength ia need- heada 
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9. ULaYD-CDLLISON HiP SCREW 

a For nock iracturea oi the Femur Ad* 
)u9table length eliminates necessity 
(of various length screws 
b Large suriace area ol threads provides 
maximum holding power in caocelous 
bone Thinness of threads avoids dam* 
age to caocelous bone dunng toser* 

tlOQ 

c Permits (irm drawing together ol (rac* 
ture surfaces 

d Re impaction feature of screw is easily 
accomplished under local anesthesia 
e Precision engineered of Stainless 
Steel 16 12 SMo (commonly known 
as 18 8 SMol in accordance with (or* 
mula adopted by the Subcommittee 
on Bone Plates and Screws, Commit* 
tee on Fractures and other Trauma. 
American College of Surgeons, 1945 



Why Are So Many Bone 
Surgeons Switching to 
I Lloyd-Collison Hip 
Screws and Instruments? 



8. Lock-Screw 

a Locks Hip Screw at 
any desired length 
Easily ad|uetable 
for re*impactlon 
purposes i 



The Lloyd-Collison technique com- 
bines the merits of other various 
methods used. It has been develop- 
ed to require only the simplest me- 
chanical technique of application 
with a minimum of applying instru- 
ments. When used for intra-capsular 
fractures, the Lloyd-Collison Hip 
Screw is most effective because of 
its unique way of impacting the frac- 
ture site and holding it rigid. Many 
non-unions have been reported suc- 
cessfully treated with this method. 


5. Tap 

o Hai pilot in front of tap* 
ping threads to assure 
correct alignment ol 
thread! with reault that 
screw, when completely 
inserted follows true 




6. OUTSIDE 

Screw driver 

o For insertion oi screw 
and to hold eeiew while 
locking or unlocking 
lock'Sctew with inside 
screw driver 


7. Inside 
Screw driver 

o Used in conjunction with 
outside screw driver to 
set hip screw at length 
desired 

b Used to withdraw lock- 
screw and in turn relock 
it when le impaction is 
desired Re impaction 
accomplished easily un* 
der local anesthesia 


write: 





Acme 


A. Countersink Reamer 

a Enlarges outeropeoing of bole 
to accommodate sleeve of screw 
b Pilot on end follows previous 
hole drilled and assures com 
plete accuracy oi alignment 
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NEW 



Designed with a new oscillating blade, the Stryker Bone Saw increases the 
effectiveness of the power saw in orthopedic surgery. While it cuts bone 
with maximum efficiency, it will never catch or wrap drapes and towels, nor 
will it throw blood or infectious matter into the surgeon’s face. 

The saw is equipped with five blades made of the finest surgical steel. 
Ranging from the long partial blades which cut bone in the depth of other- 
wise inaccessible wounds, to the scoop which 
quickly removes bone chips from the ilium, 
they are widely adaptable to many types of 
bone surgery. A triangular chuck, with a con- 
veniently located key, permits the blades to 
be changed rapidly during the operation. 

The entire unit, including motor, cord, 
blades and blade holder, can be autoclaved 
without special handling. 

You are invited to write 

for complete information 

ORTHOPEDIC FRAME COMPANY, Kalamazoo, Michigan 
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EDITORIAL 

With this issue, The Journal appears under a new plan of co-publication b 3 ^ the Ameri- 
can and British Orthopaedic Associations. It will be published in two volumes. There will 
be eight issues; four will be edited and published in Great Britain (the British Volume) and 
four in the United States of America (the American Volume). American and British issues 
will appear alternatelj' at six-week intervals. 

The British 'N’ohime will be representative of orthopaedic surgerj^ in the British Com- 
monwealth of Nations; the American Volume, of the United States of America. From all 
nations, articles contributing to the development of the specialty will be welcome. 

The trend of policj^ that has led to the present plan is suggested b 3 ’^ a glance into the 
past. The Journal originated in 1889 as the Transactions of The American Orthopaedic 
Association. In 1903, it became national in scope and was called The American Journal of 
Orthopaedic Surgery. During the war 3 ’'ears, 1914 to 1918, the accomphshment of man 3 ’’ 
British and American surgeons, working together under the guidance of Sir Robert Jones, 
had been outstanding. Joint pubUcation of The Journal offered a means of continuing the 
cooperation. In 1919, The American Journal of Orthopaedic Surgery became the official 
organ of The British Orthopaedic Association. Greater benefit to the orthopaedic surger 3 ’’ 
of each countr 3 ’’ was anticipated from the interchange of ideas through a common publica- 
tion. To signaUze the broader aim, the name became The Journal of Orthopaedic Surgery. 
Later, the name was changed to The Jottrnal of Bone and Joint Surgery. 

Thirty 3 ’’ears ago, the growth of medicine had become rapid. With expansion came the 
development of all branches of medicine and surger 3 ^. In 1922, orthopaedic surger 3 ’' was 
becoming established as a specialty. At that time The American Orthopaedic Association 
extended the scope of The Journal b 3 '^ including articles representative of diverse ^dewpoints 
throughout the world. That 3 ’’ear, Dr. E. G. Brackett became the Editor of The Journal. 
During the twent 3 ^ 3 ^ears of his editorship, Dr. Brackett built The J ournal that we know 
toda 3 ’-. Always the development of its international character was uppermost in his mind. 
The surgery of any land may reach its highest attainment through the free interchange of 
ideas from widel 3 ^ scattered sources ; surger 3 ^ like pure science, belongs to the world. 

The Journal has grown as the need for ampler expression has increased. The impor- 
tance of further expansion has become evident. In man 3 ’^ countries, orthopaedic surger 3 ’- 
has reached a high degree of development. Freer expression of national trends has become 
necessar 3 \ Increased space has been needed for articles from all countries. Orthopaedic 
surgeons in Great Britain and in America have had to decide whether the best interests of 
the surger 3 '- of their countries la 3 " in separate or in cooperative publication. 

In the spring of 1947, representatives of The American Orthopaedic Association, The 
British Orthopaedic Association, and The American Academ 3 ^ of Orthopaedic Surgeons 
met in London to formulate plans to continue the long association and at the same time 
more fully meet the growing needs of the specialty. From their recommendations came the 
new plan of publication under which The .Tournal now appears. 

With behef in the wisdom of the new plan and confident of the support of surgeons 
ever 3 nvhere, the Editorial Boards will endeavor to uphold the standards of The .Journal 
and to maintain its aim, — the advancement of orthopaedic surger 3 '. 

William .4. Rogers 


THE MECHANISM AND TREATMENT OF FRACTURES 
OF THE CALCANEUS 


Open Reduction with the Use of Cancellous Grafts 

BY IVAR PALMER, M.D., STOCKHOLM, SWEDEN 
From Sodcrsjiikhusel, Stockholm 

\ 

Many details of the mechanism and pathological anatomy of fractures of the calcaneus 
are unknown. The complex structure and anatomical relationships of the calcaneus have 
made it difficult to clarify the exact nature of these fractures. The roentgenograms are not 
easily interpreted and often tell only part of the truth. Certain aspects of these fractures 
are better understood, however, when observed against a background of experience gained 
by surgical exposure of the fragments. 

MECHANISM OF INJURY 

The usual explanation of the mechanism of fractures of the calcaneus is that a fall 
from a height causes the talus, which constitutes the wedgelike pinnacle of the longi- 
tudinal arch, to be driven down upon and to break the calcaneus, which forms the large 
posterior foundation of the arch. This sketchy explanation may be correct in certain 
fractures of the calcaneus; it throws little light, however, upon the exact nature of the 
injuiy. The problem may be simplified by regarding each fracture of the calcaneus as a 
linear fracture of one of three types, — avulsion, compression, or shearing. Shearing frac- 
tures are caused by the simultaneous action of two adjacent, but opposed, parallel forces. 
In a fall, the part of the tuber calcanei which first strikes the ground is forced upward by 



Fig. 1 


Diagram showing the mechanism of comminuted fractures of the calcaneus. 
a: Primarj' shearing fracture. 

h: Compression and maximum dislocation at the moment of accident. 

c; The lateral block, with impacted fragment due to secondary compi’ession, lecoils downward, 
forming a lodge across the surface of the joint. 
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the impact, while the articular portion is driven downward by the talus; the residt is a 
' vertical shearing fracture. If the foot is in varas position as it strikes the ground, a medial 
chip will be split from the tuber; if the foot is in valgus position, a lateral fragment will 
result. The medial type is infrequent, constituting, according to AA^atson-Jones, onlj" 15 
per cent, of all fractures of the calcaneus. The lateral tj'pe, which usuall}'- involves a large 
part of the tuber calcanei, has an incidence of about 25 per cent. The fragments are dis- 
placed forward and upward, in accordance with the direction of the causative \’iolence. 
If the fragment of the tuber is large enough, the result mil be a simultaneous compression 
and depression of the longitudinal arch. The depression maj- be indicated by the so-called 
"tuber-joint angle” of Bohler, which has been general!}' accepted as a standard for the 
evaluation of all fractures of the calcaneus. These two simple fractures offer no problems 
in mechanism or treatment. Their prognosis is favorable. 

In most cases of lateral shearing fracture, however, the injuiy is not restricted to the 
tuber. The line of fracture starts from the medial side and runs laterally and upward; 
failing to reach the lateral surface of the tuber below the posterior facet of the talocalcaneal 
joint, it extends upward through the floor of the joint and splits it into two parts (Fig. 
1, a). Sometimes the fracture line continues forward to split the calcaneocuboid joint, also. 
This type of shearing fracture is, therefore, intra-articular. Although it comprises the 
largest group (at least 50 per cent.) of all fractures of the calcaneus, the details of its 
stnictural relationships are little known. Roentgenograms fail to show clearly and com- 
pletel}' its most important characteristic, — the intra-articular involvement. Its prognosis 
is unfavorable. Most patients who have sustained this tj^pe of fracture have a permanent 
disability of from 25 to 33 K per cent. 

These observations led the author a few years ago to attempt to treat this type of 
fracture by arthrodesis of the subtalar joint. It was thought that arthrodesis would reduce 
the healing time and put the foot into a position in which it might be capable of bearing 
1 weight without becoming painful. These operations pro^nded an opportunity of studj'ing 
' ^the structural details of the fracture, and led to certain observations which have been 
verified subsequently in a considerable number of cases. 

The large fragment produced by lateral shearing was found to be separated from the 
medial, undisplaced portion by a fracture line which ran longitudinalh' through the poste- 
rior facet of the talocalcaneal joint, dmding its articular surface in such manner that at 
least half of it was on the lateral fragment. AA^thin this large lateral fragment, however, 
an additional or secondary fracture of compression t 5 'pe was found, the articular surface 
and underhung bone ha\ang been driven do\\'n into the subjacent spongj' bone. This 
assembly of the lateral block was often covered laterally by a small shell-like fragment of 
cortical bone. A strange and interesting fact, moreover, was that the e.xtent of the com- 
pression of the articular fragment not only corresponded to the forward and upward dis- 
placement of the lateral block, but even exceeded it in depth. This created in the joint a 
ledge, which sometimes reached the height of about 10 millimeters. Moreover, the planes 
of the two portions of the fractured facet were as a rule not parallel, the ledge being higher 
in front than at the rear. The articular fragment was clearl}' outlined, with no sign of being 
crushed into the smaller fragments which are seen in other compression fractures, such as 
L those of the lateral condjde of the tibia. 

The mechanism underhung this extreme!}' important feature of the topography of the 
fracture seemed mysterious. It was at first thought that the talus, at the moment of the 
accident, had been subluxated over the calcaneus and thereby exerted an uneven pressure, 
which was greater laterally than medially. However, this h}'pothesis was abandoned, be- 
cause it did not explain the sharply outlined ledge \rithin the joint. 

Little by little the following explanation of the mechanism of fracture became ai>- 
parent. As the lateral block is pushed forward and upward by the dislocating force, it 
meets the resistance of the posterior articular facet of the talus. Cartilage is driven vio- 
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lentl}^ against cartilage. If the force is great enough, the weaker part, which is the more 
mobile lateral fragment of the calcaneus Avith its smaller surface, is pressed together like a 
concertina. This compression corresponds exactly Avith the displacement of the heel, 
AAdien it reaches its maximum at the time of the accident (Fig. l,h). When the compressing 
force ceases, the lateral block recoils slightly; in addition, it is displaced by contraction of 
the Achilles tendon. The articular fragment, AA^hich has been pressed firmly into the under- 
l3dng bone, folloAA'S the recoil in a direction opposite to that of the original compress- 
ing force. Its contact AAuth the articular surface of the talus is lost, and the sharp 
ledge of the undisplaced articular surface of the medial calcaneal fragment is produced 
(Fig. l,c). 

Further observation shoAved that the secondaiy compression fracture of the lateral 
block AA^as of tAvo types: 

1. In some cases the articular fragment Avas about 1.3 centimeters in height and equal 
to the articular surface' in length (Figs. 2-A and 2-B). This fragment, impacted more or 
less deepty into the subjacent bone, consisted in itself of a AA^ell-defined, unbroken piece 
of bone, covered on its articular surface by intact cartilage. A separate shell-like 



Fig. 2-A Fig. 2-B 


Fig. 2-A: Comminuted fracture, Type I, before reduction. 

Fig. 2-B: After open reduction and filling with cancellous graft. 



Fig. 3-A Fig. 3-B 

Fig. 3-A : Comminuted fracture, Type II, before reduction. 

Fig. 3-B: After open reduction and filling with cancellous graft. 
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fragment of the lateral cortex, attached to the sheath of the peroneal tendons, was often 
present. 

2. Just as often, however, the upper fragment extended posteriorly to include the 
upper part of the tuber; the tuber was therebj'^ split into two portions, Avhich gaped apart 
posteriorhu Fractures of this type proved particularlj’- convenient for treatment b 5 ’' open 
reduction, because of the .size and shape of the fragment which supported the articular 
surface (Figs. 3-A and 3-B). 


DIAGNOSIS 

Close cooperation between surgeon and roentgenologist is essential for determining 
the nature of a fracture of the calcaneus, and for separating cases suitable for conservative 
treatment from those in which open reduction is necessary. Lateral as well as axial roent- 
genograms are, of course, always essential. Anatomical variations are considerable; the 
tuber-joint angle varies normally between 10 and 40 degrees, and the length and width 
of the fractured tuber cannot be measured with accuraeju Corresponding roentgenograms 
of the uninjured foot are, therefore, always necessarjL 

The posterior facet of the talocalcaneal joint, where the essential fracture is located, 
is, however, not easilj* demonstrable in roentgenograms. The joint surfaces are convex and 
slope lateralljL A lateral roentgenogram, therefore, shows the inner part of the posterior 
facet, together with the medial and anterior facets, but completely fails to demonstrate 
the remainder of the joint. The sinus tarsi, however, is alwaj's visible, and the lateral por- 
tion of the posterior facet always extends forward to this landmark. An oblique lateral 
roentgenogram, taken from below and posteriorly, provides a clear projection of this 
portion of the joint as it reaches the posterior end of the sinus tarsi. In this roentgenogram 
a compressed fragment is visible, despite the background of the medial fragment, and is 
recognizable as a rather faint shadow. This is easily overlooked; it will probably go un- 
noticed unless the attention of the roentgenologist is directed particularly to it. In the 
axial roentgenogram, however, the compressed fragment appears more or less clearl 5 L 
In any event, the ledge which interrupts the outline of the articular facet should alwa 3 's 
be idsible (Fig. 4) . 

If the lateral block is large and its articular surface is deeplj' depressed, the talus 




Fig. 4 Fig .5 

Fig. 4: .\\ial of the shearing fracture, showing compression in the lateral block. The ledge at 
the articular surface is visible 

Fig. o: The compression ca\nty is ^aslblc after reduction of a depressed articular fragment by means 
of an elevator. 
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ma}- rotate on its longitudinal axis to produce a lateral widening and subluxation of the 
ankle joint. 

The surgeon should obtain the opinion of the roentgenologist on the following points: 
(1) whether a simple linear fracture or a combined linear and compression fracture is 
present; and (2) if comminution and compression are present, the size of the depressed 
fragment of the articular surface and the height of the ledge between the two parts of the 
articular facet should be determined. 


TREATMENT 

Double transfixion and traction, according to the method of Bdhler, have apparently 
been accepted widel}’- as the standard technique for the treatment of these fractures. The 
method is recommended without reservation, not only by German writers, but also by 
British and American authors, including Watson-Jones, Schofield, and Jaekle and Clark. 
Recentl}’’, however, Bdhler himself fails to show enthusiasm for this method. In the sixth 
edition of his textbook, he recommends in certain cases reduction with the aid of the 

Phelps-Gocht clamp, a rather complex instrument which 
secures a three-point grip on the foot. The reduction is 
then stabilized by the introduction of a pin from the back 
of the heel, according to the technique of Westhues. 

In 1932, Lenormant and Wilmoth described a method 
of open reduction similar to that used bj'^ the author. The}'’ 
explained the depression of the articular surface as being 
the result of fracture of weak subjacent cancellous bone, 
containing relativelj’’ few trabeculae. Other surgeons have 
attempted open reduction and osteosynthesis by means of 
metal pins. Open reduction, however, has never been 
adopted widely, the apparent reason being that it has 
offered little advantage, owing to the difficulty of main- 
taining a stable reduction. 

In order to shorten the period of total disability in 
cases of fresh comminuted fracture, the author decided at 
first to try primary arthrodesis of the talocalcaneal joint. 
This operation, carried out on three patients, was not 
wholly satisfactory. The exposure was necessarily exten- 
sive and impaired the nutrition of the fragments. The 
osseous substance, which had already been compressed 
laterally by the fracturing force, was further reduced by 
removal of the articular surfaces; it was, therefore, difficult to avoid excessive valgus 
deformity. The result in each case was a fused subtalar joint with a valgus deformity of 
the foot. The functional results were moderately good. 

These operations demonstrated that, contraiy to previous conceptions, the depressed 
fragment bearing the articular surface was sharply outlined, firm, and stable. By means 
of an elevator, introduced into the compressed substance beneath it, this fragment could 
be levered upward and forward to restore the normal structure of the joint (Fig. 5). If, 
however, the entire lateral block was reduced by traction on a wire transfixing the tuber, 
the impacted articular fragment could be seen to move downward and backward, heighten- 
ing the intra-articular ledge and thereby increasing the displacement within the joint. 
This demonstrated clearl}' that commonly used methods of reduction actually have an 
unfavorable effect on the essential factor of the articular injury. It was evident, also, that 
the normal structure of the joint and the normal contour of the calcaneus could be restored 
by open reduction with a moderate amount of surgical exposure. 

An operation of this type has now been carried out in twenty-three cases. Being based 
directly on the details of the injuiy, it is divisible logically into three steps: (1) reduction 



Fig. 6 

Diagram showing the defect 
under the reduced fragment of the 
articular surface ; this is formed by 
the compression of spongy bone. 
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Fig. 7-C Fig. 7-D 

Fig. 7-A; Comminuted fracture, T 3 'pe II, before reduction. 

Fig. 7-B: .After open reduction and filling. 

Figs. 7-C and 7-D : Lateral and axial views, one j'ear after operation. 

of the entire lateral block of the shearing fracture; (2) reduction of the secondarj"^ compres- 
sion fracture, invohdng the articular surface; and (3) filling the bonj'- defect, which results 
from elevation of the articular fragment to its normal position. 

A curved incision, six centimeters in length, is made beneath the lateral malleolus. 
The sheath of the peroneal tendons is incised, and the tendons are displaced forward. At 
the proximal portion of the peroneal sheath, the incision is deepened to dixdde the middle 
part of the fibulocalcanea! ligament and e.xpose the talocalcaneal joint. If the foot is care- 
fully dislocated into a varus position over a wedge, it is possible to look into the joint and 
to observe and measure the pathological ledge between its facets. 

A transfixion wire is drilled into the angle between the point of the tuber calcanei and 
the Achilles tendon, and is tightened into a bow. Traction downward and backward will 
now reduce the lateral block of the shearing fracture ^\ithout difficult j’’. .\n elevator is 
introduced into the compressed substance under the articular surface, and is used to lever 
this fragment into position until the intra-articular ledge is level. The reduction. howex'er, 
IS extremelj" unstable. If the traction and the elex-ator are released, displacement recurs. 

hen the fragments arc held in the position of reduction, a large defect formed by 
the compression of spongx’ bone appears beneath the articular fragment (Fig. 0). The 
presence of this defect explains a frequent end result of the conservative treatment of 
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fractures of the calcaneus. After temporary reduction (probably the articular fragment 
is never perfectly repositioned), the bone collapses to produce traumatic flat-foot in the 
valgus position. 

The compression cavity, Avhich is usually about the size of the end of one’s thumb, is 
next measured. A transplant, taken from the crest of the ilium, is shaped to correspond 
to the caAoty; it should be slightty larger than the defect in the calcaneus. This graft is 
hammered into the cavity bj'- means of a tamp. 

The reduction AA'ill noAA' be quite stable. The fragment of the articular surface is pressed 
firmly upAA^ard against the articular surface of the talus; the lateral block shoAA^s no tend- 
ency toAA^ard dislocation. The transplant serves as a key for locking the reduction. Post- 
operatiA^e roentgenograms shoAv that the normal contour of the calcaneus has been 
restored (Figs. 2- A, 2-B, 3-A, 3-B, 7-A, 7-B, 7-C, and 7-D). 

For postoperative immobilization, a short leg cast is used; transfixing pins are un- 
necessary. Tavo to four days after operation, the patient is alloAA^ed to AA^alk on crutches 
AAuthout bearing AA^eight on the injured foot. After tAA'chm Aveeks, the plaster is replaced b}^ 
a zinc-paste stocking and a strong shoe AAuth a longitudinal arch support. 

RESULTS 

This operation has been carried out in tAA’enty-threc cases of fracture of the calcaneus 
AA’ith a depressed articular fragment. Nineteen of the patients AAure men and four AA^ere 
Avomen. Their ages ranged from thirty to seA'^enty-tAvo j’-ears. In tAvelA'’e cases a Type I 
injury AA'as present; in eleven cases it conformed to T^’^pe II. Tavo of the patients had simple 
linear fracture of the opposite calcaneus. In one case the ankle joint AA'as destroj^ed by a 
central compression fracture of the loAA’^er end of the tibia. 

No unusual technical difficulties AA'ere encountered during these operations. In all 
cases the convalescent period, in striking contrast AAuth that after treatment by transfixion 
and traction, offered remarkably little inconA'-enience. It AA'as of great adA'-antage that the 
patient Avas not confined to bed, but could be up a feAv days after operation. 

FolloAA'-up examinations of these patients, AA'ho AA'ere treated betAA-een May 1944 and 
March 1946, have shoAAm remarkably faAmrable results. All of the patients AA’^ere back at 
their preAuous AA'ork from four to eight months after the operation. The majority liaA'^e 
shoAA'ii, AA'hen examined from six months to tAA'o ,years after operation, painless pronation- 
supination in the subtalar joint of from 15 to 30 degrees (one-quarter to one-half the 
normal range). In one case, Avhich must be regarded as a failure, a painless mobility of onty 
5 degrees is present; one presents painless ankylosis in good functional position. In all 
cases the shape of the longitudinal arch is the same as that of the uninjured foot. Most 
surprising and encouraging is the fact that the mobility is reallj'' painless; in this respect, 
these cases form a sharp contrast to those treated b}'’ conserA'’atiA'^e methods. 
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SLIPPED EPIPHYSIS IX THE ADOLESCEXT HIP 


A Pkco.vsideratiox of Open- Reduction* 

BY PAUL H. MARTIN, .M.D., JACKSONVILLE, FLORIDA 

A review of the literature on slipping of the upper femoral epiphj'sis impresses one 
with the unsatisfactory results of treatment, especiallj- of the severely displaced epiphysis 
which requires reduction. Almost uniformly, reports show good results in the cases with 
a minimal degree of slipping, but a depressing percentage of poor results in those with 
severe or complete slipping. Therefore, it seems important to report any refinement of 
method which gives promise of improving the prognosis in this discouraging condition. 

If the problem of treatment were only that of correcting deformity, .the simple 
measure of intertrochanteric osteotomy after union of the epiphj'sis M'ould suffice. This 
procedure might still be useful in the occasional case in which the displacement of the 
neck is mostly antenor (anteversion). and traumatic arthritis from impingement of the 
neck against the acetabulum has, therefore, not supervened. In most cases, however, 
this fortunate condition does not obtain, and the desirabilit3' of earlj- reduction of the 
epiplu'sis is made ob^dous. 

In most cases, so-called traumatic arthritis is the late secondaiA' result of ischaemic 
necrosis of the capital epiph3’sis. This complication is to be feared more than deformit3' 
alone, and is the cause of most of the poor results in an3' reduction treatment, open or 
closed. However, gross aseptic necrosis seldom occurs in untreated cases. Therefore, the 
treatment must cause the necrosis 1)3" further injuring the blood supph' of the epiph3'sis. 
In too man3* instances, treatment thus defeats itself. Man3' e.xcellent reductions of a 
displaced epiph3’sis are followed b3' necrotic changes, which alwa3's end in limitation 
and, later, in osteo-arthritis and even ank3'losis. Preservation of the blood suppl}^ of the 
epiph3’sis is the cru.x of the problem of treatment. 

The blood supph- to the capital epiph3-sis of the femur can come from onh- three 
sources; 

1 . A few small vessels which penetrate the cartilage plate from the neck. 

2 . The vessels in the ligamentum teres. 

3 . The vessels in the periosteum of the neck, which in childhood is much thicker 
and more vascular than in the adult. 

The vessels penetrating the cartilage are, of course, destro3-ed when the epiph3'sis 
slips. The vessels in the ligamentum teres are small and ma3- be absent. The periosteal 
vessels are also torn, at least on the anterior aspect of the neck, as the head slips poste- 
riorly. Thus, at best, the blood supply of the epiph3-sis is meager after slipping occurs. 
However, avascular necrosis is practicalK’^ never encountered in untreated cases, although 
occasionall3' ’"’e see degenerative changes in the articular cartilage which ma3- be secondar3' 
to deficient circulation in the underl3’ing bone. In such cases, the roentgenogram shows 
narrowing of the joint space, but no change in the densit3- or contour of the head of the 
femur. When this narrowing of the joint is present, no treatment will gi^e good results, 
and, in fact, ank3dosis ma3’' occur with or without treatment. It is the author s belief 
that often the treatment has been blamed for poor results which are actualH due to this 
pre-existing degenerative condition (Figs. 1-A and 1 -B). 

During the last seven 3-ears, the author has observed and treated b3 r arious methods. 
t\vent3--six patients with slipping of the capital epipln'sis (thirt3 -three hips). These 
experiences have led to certain conclusions concerning the probable cause of many of 

, * Read at the .Annual Meeting of The .American .Academy of Orthopaedic Surgeons, Chicago. Illinoh, 

Januarj- 28, 19-17. 
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Fig. 1-.\ 


H. S. Roentgenogram sliows narronung of joint space witliont gro.'i.s neei otic clianges in tlie epiphysis- 
The significance of this ivas not appreciated at the time of treatment. Comiiare ivitli normal right hip. 



Pig. 1-B 


Ankylosis occurred within si.v months after intertrochanteric osteotomj'. Tlie condition ultimateh' 
progressed to solid bonj’' ankylosis without roentgenographic evidence of necrosis. In such a case, any 
foi'm of treatment will fail. 

the bad results heretofore obtained, and to the development of a technique of treatment 
which is thought to avoid some of the pitfalls of the past, through meticulous respect 
for the remaining blood supply of the epiphysis. 

There seems little doubt that injudicious manipulation to accomplish closed reduction, 
and surgical trauma in open reduction, have been the sources of most of our difficulty. 
Closed reduction should be condemned, except for a gentle manipulation to reduce an 
acute displacement. Manipulation should not be expected to effect reduction of an epiph.y- 
sis which has slipped gradually^ or one which has been displaced for sevei-al weeks or 
months; for the epiphysis is firml}'' adherent to the neck by fibrous tissue and sometimes 
by callus, while it is anchored to the acetabulum bj"- only the ligamentum teres. Usuall}'^ 
manipulation of such a hip not only fails to accompli.sh its purpose, but it damages the 
ligamentum teres. Loss of this source of blood supph’’ may alone lead to aseptic necro.sis 
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in certain cases, and in any case it makes later open reduction more hazardous and 
uncertain. Even if the manipulation is successful, the remaining periosteal attachments 
of the epiphysis must be torn to allow the reduction. Then necrosis will surely occur, unless 
by chance there remains sufficient circulation through the ligament. 

In those cases requiring open reduction, great care should be taken to preseiwe both 
the ligamentum teres and the periosteum on the posterior and inferior surfaces of the 
neck. The epiphysis should not be entirely detached from the neck in this region. If both 
the ligamentum teres and the postero-inferior portion of the periosteum are uninjured, the 
blood supply should be practically the same as before operation, and the head should 
survive. 

It is generally and logically accepted that, if the displacement of the epiphysis is 
more than one centimeter, either downward or posteriorly, reduction is necessary. For 
practical purposes these severe displacements should be dhided into two groups: (1) the 
acute traumatic cases, and (2) the cases with gradual slipping. 

There undoubtedly are some purely traumatic separations of the capital femoral 
epiphysis. These generally are in older patients who sustain severe wrenching injuries 
of the hip. These displacements are always acute, usuallj' complete, and probably should 
be considered as fractures, like traumatic epiphyseal separations in other bones. In these 
cases, if symptoms have been present for less than two weeks, manipulatorj- reduction 
may be tried. Often reduction can be accomplished by gentle traction and internal rotation, 
followed by or combined with abduction. These acute cases should be the only exceptions 
to the rule against manipulation. The reduction must be easy, or attempts should be 
abandoned, ^'igorous manipulation, as by the Leadbetter manoeuvre, or strong traction 
on the orthopaedic table should not be used. If the epiphysis can be reduced easily, it 
should immediately be fixed by a Smith-Petersen nail. Excellent results ivill be obtained 
in this type of case if only the hips in the acute phase are manipulated (Figs. 2-A and 2-B). 

If the slipping has been more gradual, or in the acute cases of more than two weeks' 
duration, open reduction should be done without any preliminary trial of manipulation. 
It is striking that in most reported series, if the acute cases are excluded, the percentage 
of poor results is about the same from either closed or open reduction. This may indicate 
that much the same damage is done by both forms of treatment. It is the author’s opinion 
that both methods often fail because of further damage to the blood supply of the epiphj*- 
sis, chiefly the postero-inferior periosteum. Of course, the present statistical picture is 



Fig. 2-.\ 


Fig. 2-B 


Fig. 2-.V. O. K. In this msc of acute traumatic slipping, reduction was achieved bv maninulation and 
the epiphysis w.as nailed by ‘ibhnd” technique two davs after slippin- ’ 

Fig. 2-B: Shows result twenty-seven months later. Function w^ nmmal. 
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The wliolc lower extremity is prepared and draped 
to permit free manipidation. The orthopaedic table is 
not used. The hip i.s exposed by the Smith-Petersen 
incision, iiml_ tiie eapsule is divirled by a T-shaped or 
L-shaped incision, close to the rim of the acetabulum, 
Fig. ;i-A: Shows the T-.sliape,d incision in the perios- 
teum. The transverse portion is immediately distal to 
the rim of the epii)hysi.s: the longitudinal limb .should be 
.slightly (d)ove the mid-line of the nock. 

Irig. ,‘M3: 7'he pcriostrmm i.s carefully elevated, with- 
out tearing. It is not nece.ssarj" at this stage to elevate 
completely around the; neck. The bone should be re- 
moved piecemeal rather than by through-and-through 
osteotomy, with danger to the [josterior portion of the 
periosteum. 'J’hc last of the bone and callus .should be 
carefully removed, to preserve the posterior and inferior 
portions of the periosteum. 

Fig. .‘3-C; After the neck has been entirely freed 
from the head and the periosteum, and has been suf- 
ficientlj' .shortened to allow ea.sj' J'cduction into the 
head, a guide wire for a Smith-Petersen nail is introduced 
through a lateral incisioiv and drilled blindly through 
the neck until the point barely emerges in its center. 



confused, because heretofore most patients operated upon have first had unsuccessful 
manipulation. Therefore, it is impossible to determine how man 3 '’ of the poor results have 
been caused b}’’ the operation alone. An}'^ study of operative results in which manipulation 
has also been tried must be very inaccurate indeed. However, it is to be hoped that within 
a few 3 "ears a large series of cases can be accumulated in which no preliminary manipulation 
has been done; and in which, at operation, the periosteum on the posterior and inferior 
aspects of the neck has been carefully preserved both from actual tearing and from tension. 
The method we are advocating does this, and so far it has given very gratifying results. 

Idiis is not a new operation, but onl 3 '- a refinement in technique, based on the prin- 
ciples just indicated. It is veiy similar to the open reduction described by Wilson in 1924, 
but for one important particular; E.xcept possibly in the acute cases of less than two 
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Fig. 4-A 


Fig. 4-B 


Fig. 3-D : The neck is then reduced into the head, 
a thin skid being used to steady the head, but not 
to pry. The guide wire is then drilled in 1.5 centi- 
meters farther. By subtracting the protruding portion 
of the ■wire from the length of a similar ■wire, a nail 
of appropriate length maj”^ be selected. 

Fig. 3-E: The Smith-Petersen nail is driven by 
manv light blows of the mallet, rather than by fewer 
heai^ blows. The neck must be firmly impacted 
against the head. The periosteum is closed by a 
running catgut suture, and tacked to the edge of the 
epiphysis by several interrupted sutures. Thus the 
neck is again completel 3 ' covered with sjTiovial 
membrane. The incision in the capsule is closed 
carefull}'. 

Fig. 4-A: J. C. B. Complete slipping with callous 
union. 

Fig. 4-B: Result nine months after open reduction, 
just before the nail was removed. Function was 
practicallj' normal. 

Fig. 5-A: J. K. Patient had complete slipping, with 
fibrous union; s.vmptoms of about three months' 
duration. 
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woekb’ duration, no attempt should be made to prize the head up onio the neck; but 
sufficient bone should bo removed on the anterior and sujjerior asjieets of the neck to allow 
the neck to be easilj^ reduced into the head. This amounts to a cuneiform osteotomy, 
tn^en in recent cases. We believe that this step avoids tearing or even excessive tension 
on the posterior and inferior periosteal Amssels, as ivould happen if a posteriori}'- displaced 
epiphysis wore prized forward onto an unshortened nock; this is especially tme if several 
weeks have elapsed, allowing time for the periosteum to shorten and even for callus to 
form in the posterior angle between the neck and the cjiipliysis. 

Gentleness is just as important in open manipulation of the epiphysis as it is in 
closed reduction. The periosteum should be incised and carefully elevated from the neck, 
and the osteotomy and reduction should be carried out strictly within the periosteal 
tube. The periosteum in these cases strips up easily, and this technique is perfectly 
feasible. After the epiphysis has been realigned, it is fixed by a Smith -Petersen nail, 
introduced over a guide wire through a smaller lateral incision. The periosteum is carefully 
sutured and attached to the edge of the epiphysis, completely covering the neck again 
with synovial membrane (Figs. 3-A, 3-B, 3-C, 3-D, and 3-E). 



Fig. 5-B 

Roentgenograms taken seven months after open i eduction. 



Fig. 5-C 

Twenty-eight montlis after open reduction, and about one w'eek after removal of nail. 
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Pio. S-D Fio. 5-E Fio. f)-F Fio. 5-0 

Showing riingo of motion of left lii]), twenty-eight months ufter open i-cduetion. Function is pnietieiilly noi'iniil, but patient 1ms shoi'lemng of one inch 
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Fig. 6-A 

G. R. This patient had complete slipping, with union by bony callus. Symptoms had been present foi 
about six months. 


Fig. 6-B 

Roentgenograms taken .si.\ montlrs after open reduction. 


Fig. 6-C 

Showing hip fourteen months after operation, just after nail had been icmov'cd. 
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Fio. 0-D Fici 0-E Fia. G-F Fio. 0-0 

SUoRinn iHoUou of U>fl hip, fourteen monUis ivflor open leduetion. Funclion wiia ovullenl ; slioitouiiiK of ono-lmlf ineli wiia piesc'iit. 
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This method is equally applicable when the epiph.ysis is united by bone in a completely 
displaced position, although in these older cases somewhat more bone from the neck should 
be sacrificed, so as to avoid excessive tension on the peidostcum when, the reduction has 
been made. A seeming!}'- radical sacrifice of bone will not shorlen the limb more than an 
additional quarter of an inch. 

The author has used this method in eight cases since 1 9d3. One case is too recent to be 
included in this series. The time since opei-ation averages twenty-om; months in the other 
seven, with the oldest thirty-nine months, and the most recent ten months. Some may say 
that the whole series is too recent to be used in determining final results. This may be true 
in regard to possible future arthritic changes, ])ut I believe that we are past the danger of 
aseptic necrosis, Avhich is the cause of most of the poor early results and is also the chief 
factor in the development of sei-ious late osteo-arthritis. Six of these seven patients should 
be classified as having excellent results, with almost normal function as regards limp, pain, 
and motion. In one of them, however, trouble ma}^ develop later, although it has been 
thirty-nine months since her operation. Four months after operation, necrosis of the upper 
anterior quadrant of the head developed, possibly because the nail may have cut the 
blood supply to this area. There is now some incongruity of the head and, despite excellent 
present function, osteo-arthritic changes may develop many years hence. In only one 
case has a poor result followed the open reduction. In this one, the nail was too long and 
worked through the head, gouging a defect in the acetabulum before the situation Avas 
discovered and the nail AA^as remoAmd. This girl, tAA^enty-one months after operation, has 
marked limitation and a bad limp from an adduction deformity of the hip. Arthroplasty 
Avill undoubtedly be required. This poor result, hoAA'ever, should be attributed to faulty 
technique rather than to the method. 

In 1944, Green described an almost identical technique, and reported tAvo cases, treated 
in a similar manner AAuth excellent results. If our seA'-en cases are added to these tAAm, AA^e 
Avould have eight excellent functional results in nine cases so treated. The only poor result 
AA'as due to a technical error, and not to necrosis. In only one of these cases (our first) has 
any degree of necrosis occurred. As just mentioned, there is in this case excellent present 
function, but the probability of later arthritic changes. Complete displacement AA'as present 
in all of these cases, and three of the author’s cases had bony union (Figs. 4-A, 4-B, 5-A 
through 5-G, and 6-A through 6-G). 

This operation is difficult and should not be undertaken lightly. The technique is exact- 
ing and tedious, and Avill test the ability of the most capable orthopaedic surgeon. Nonethe- 
less Ave believe it to be Avorth AAffiile in this group of cases, ahvays so discouraging AA'hen 
treated by other methods. 


CONCLUSIONS 

1. Most poor results are caused by improper treatment, and are due chiefly to avascu- 
lar necrosis in the epiphysis. 

2. Necrosis in the epiphysis is caused by further damage to its blood supply through 
the ligamentum teres and the periosteum on the posterior and inferior aspects of the neck. 

3. Manipulation should be condemned except in acute traumatic cases, and it should 
be gentle. If reduction is not easy, closed methods should be abandoned. 

4. Patients in the so-called preslipping stage and those AAuth minimal slipping (less 
than one centimeter) are best treated by nailing in situ AAuthout reduction. 

5. When displacement is more than one centimeter, and is gradual or has existed 
longer than tAA'O AA^eeks, open reduction should be done AAuthout preliminary manipulation. 
This must be accomplished AAfith due respect for the blood supply of the epiphysis. 

6. In old united cases, if there is a good hip joint, intertrochanteric osteotomy may 
be beneficial. Later in life, arthroplasty offers much improA'^ement for the old arthritic hips 
and especially for the cases AA'ith ankylosis. 
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OPERATIVE T.HERAPY FOR SLIPPED UPPER FE:\I0RAL EPIPHYSIS 

An End-Result Study* * 

BY' CARL E. BADGLEY, M.D., A. S. IS.AACSON, M.D., J. C. WOLGAMOT, M.D., 

AND J. W. MILLER, M.D., -ANN ARBOR, YHCHIG-AN 

The treatment of displacement of the upper femoral epiphysis has generall}’- been 
regarded tvith dissatisfaction and uncertaintjL During the past twenty years the con- 
servative therapy, consisting of manipulative reduction or reduction by traction and 
external fixation, has been superseded by internal fixation, frequently associated with 
open reduction. The early optimistic reports of the results of such operatiY’-e therapj' haY’e 
not been substantiated in many clinics. Aseptic necrosis and stiff hips haY-e resulted so 
frequently that the present trend is again toward conservative therapJ^ Common practice 
consists of a trial of skeletal traction and correction of position bj' abduction and internal 
rotation for a period of several weeks; if successful, this position is maintained until fusion 
occurs. If failure of correction is obYuous, trochanteric osteotomy is a faY’orite procedure. 
The trochanteric osteotomy is intended primarily to correct the external-rotation deform- 
ity and to alter the position of the head so as to improY^e the mechanics of the joint. 

For a number of years, since Wilson’s operative replacement of the malunited upper 
femoral epiphysis, the authors haY-^e utilized the folloYY-ing postulates as a guide in the 
treatment of displacement: 

1. A displacement of not more than one third of the diameter of the femoral epiphY'sis 
as observed primarily in the lateral roentgenographic vieiv of the hip joint, has been 
accepted as a satisfactory position. These hips, and those shoYY-ing displacement of less 
than one third the diameter or no displacement (the “preslipping” stage) haY'e been 
treated by internal fixation YY'ithout any attempt at correction, to prcY’ent progression of 
the deformity. 

2. Displacement of the upper femoral epiphysis beyond this e.xtent, usually associated 
YYTth deformity and disability, requires improvement of the position of the epiphysis in 
its relationship to the neck. 

3. Skeletal traction has been used for the reduction of the displacement. Should a 

J..n«lrt2l“l947? Orthopaedic Surgeons, Chicago. Illinois, 


VOL 30-A. NO I JANUARY 194S 



20 C. E. BADGLET, A. S. ISAACSON, J. C. WOLCAMOT, AM) .1. W. MILLER 



satisfactoiy reduction result, its maintenance by internal fixation until the femoral 
epiphj^sis has become fused has been the most successful method of treatment. The acute 
traumatic t5’-pe or the chronic type of slipping, suddenly completed by trauma, is usually 
corrected readil}’- by this method; mild manipulation may be successful to complete the 
correction. 

4 . Unsuccessful skeletal traction necessitates open reduction of the displaced epiphy- 
sis. Not infrequently, removal of a wedge of newlj’- formed bone anteriorlj’’ has been re- 
quired to allow proper realignment. Pin or screw fixation to maintain correction until 
fusion occurs has been advisable. 

5 . The ultimate fate of the neglected and displaced upper femoral epiph.ysis is most 
certainty degenerative arthritis. Correction or piwention of the displacement has been 
the rule of therapy. Correction, if the epiphyseal line is still open and active, has been 
made intracapsularty at the site of the lesion. The subtrochanteric or intertrochanteric 
osteotomy has been reserved for the patient ivith a malunited, fused upper femoral epiphj^- 
sis and a hip which has maintained fair or good motion, but has an external-rotation 
deformit3L 

This thesis is based upon the rationale of therapjq directed toward prevention of 
displacement of the epiply’^sis in the earty phase b3'- internal fixation; in the later stage of 
more marked displacement, therap3'’ is directed toward correction of the deformity where 
it has occurred at the epiph3^seal juncture with the neck, and maintenance of the correction 
1 ) 3 ' internal fixation. The authors have felt that correction b3'' osteotom3’’ in the trochanteric 
region did no more than produce temporary improvement, as the primary pathological 
condition was not corrected. The end results have been reviewed from time to time. 

Although failures and disappointments have followed this program of therap3', we 
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have felt that the percentages of success have justified a continuance of this scheme. An 
end-result study is presented of the operations on sevent 5 "-eiglit hips, which represent 
various stages of cpiphj'seal displacement in sixt 5 '-six patients (twelve, or 18 per cent., 
having bilateral involvement), all of whom were treated surgicallj" in accordance with the 
postulates listed. Two of these patients, without previous treatment, entered the Clinic 
because of extensive degenerative arthritis, producing incapacitating sj^mptoms, for which 
Yitallium-cup arthroplasties were performed initially. These two cases illustrate that the 
arthritis' is not necessarily the fault of an operative procedure, but maj’’ develop spon- 
taneously in this peculiar lesion. Because of marked deformit 3 ’’ and fi.xation of the hip, a 
Whitman reconstruction operation was performed in a third case, earlj-- in this series. The 
remaining sixty-three patients or seventj^-five hips were operated upon as follows: 

Open reduction was carried out on thirtj’'-four hips for a malunited epiphj’^sis; this 
required the removal of an anterior cuneiform wedge of bone. This overgrowth of bone 
lies between the displaced epiplij^sis and the neck of the femur. Fixation was obtained bj'’ 
means of a Smith-Petersen nail or bj' two screws. 

Eleven liips were treated bj^ open operation ; an osteotomj’- at the epiphj’-seal site was 


performed for correction of the de- 
formity, and reduction was main- 
tained bj’ external fixation, — namelj', 
a plaster spica. 

Four hips were treated bj' open 
operation with a simple osteotomj’ 
to correct the relationship between 
the epiphj'^sis and the neck, followed 
bj' internal fixation. 

Six patients were treated b.v 
closed reduction with traction, aided, 
if necessary, bj’ verj’ gentle manipu- 
lation. After satisfactorj" position 
had been obtained, blind nailing or 
screw fixation was emploj'ed. 

Sixteen hips were fixed inter- 
nallj’-, without anj’ attempt being 
made to correct a minor displace- 
ment. 



Four hips were treated bj’ 


means of the subtrochanteric tj^pe 
of Schanz osteotomj-. 

In view of the unsatisfactoiy 
results of open operative corrections 
reported to us bj- friends, the pos- 
sibility of trauma from inadequate 
e.xposure has been suspected. The 
importance of an adequate exposure 
to the head of the femur should be 
stressed. The backward and down- 
ward displacement of the epiphj-sis 
makes exposure of the head bj- the 
ordinarj- procedures verj- difficult. 

Bj- the use, however, of the ap- 
proach (Fig. 1) described bj- Smith- 



Petersen for the Vitallium-cup arthroplasty, in which the iliopsoas is e.xposed and retracted 
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medially, an excellent view of the anterior portion of the acetabulum can be obtained 
(Fig. 2 ). It is then possible to achieve a veiy satisfactory exposure of the head and neck of 
the femur, and to observe the deformity. The line for the osteotomy, if malunion has 
occurred, is recognized, and the plane for the osteotomy can be determined without severe 
retraction or levering within the joint to displace the head and neck outward. If possible, 
the labrum glenoidale should be preserved. 

The abnormality usually demonstrated by this approach in the stage of chronic 
slipping is an extension of the periosteum of the neck into a fibrocartilaginous-like ma- 
terial, covering a new-bone formation, which fills the interval between the displaced 
epiphysis and the neck of the femur. The new-bone growth is most excessive anteriorly 
and superiorl3L Union is usually sufficiently solid so that an osteotom3^ is necessary to free 
the epiphysis. Sharp demarcation of the epiphyseal line is not obvious, and, in the selection 
of the osteotomy site, it is essential to differentiate the true cartilage border from this 
fibrocartilaginous covering of the new-bone formation. 

It is important not to remove the periosteum too freely from the neck. Anteriorl3^, 
however, it should be stripped, in order to find the osteotomy site. Posteriorly, it should 
not be stripped from its attachment to the epiphysis, so that vascularity ma3'' be 
maintained. 

A transverse osteotom3'' is performed at the juncture of the true cartilage of the 
head with the neck. The epiphysis and neck are thus freed. Speed, of Memphis, has made 
an important addition to facilitate reduction and accurate reposition. With a sharp in- 
strument inserted into the posterior portion of the freed epiphysis, the head is readil3^ 
turned anteriorly and upward from its posterior position. The neck is then fitted to the 
epiphysis. Frequently it has been found necessary, in order to secure good approximation, 
to remove from the neck a wedge of bone (Fig. 3 ), with its base anterior and superior, to 
obtain proper reduction. The neck is then reduced in its relationship to the epiphysis by 
internal rotation and abduction of the thigh, which usually produces excellent realignment. 

In former days, external fixation in a plaster spica was relied upon to maintain this 
correction; this method has proved unsuccessful in 50 per cent, of the cases. Internal 
fixation by means of the Smith-Petersen nail or screws has now been applied routinely. 
Although there is little difficulty in driving a Smith-Petersen nail blindl3'- into the epiph3''sis 
in the preslipped stage, or into the epiphysis which is mildly displaced, great difficulty has 
been experienced in penetrating the head with the nail in those patients upon whom an 
open osteotomy was necessary. The head is veiy hard and dense. To drill and fix with the 
wood screws is more certain, although even here difficulty is frequently experienced in 
penetrating the hard epiphysis. The drill should be of the same caliber as the shank of the 
screw, and should penetrate to a depth equal to the length of the screw. 

Postoperative care after blind nailing in the preslipped group or that with only mild 
displacement requires primaril3'- the healing of the wound. Ambulation is instituted as soon 
as it is comfortable, but no weight-bearing is encouraged for three months. 

The postoperative care in open reduction requires six weeks in the hospital. Russell 
traction is emplo3'^ed during this period, allowing earl3'' motion of the hip and knee. The 
patients are then ambulatoiy on crutches, with no weight-bearing on the hip which has 
been operated upon for a minimum period of three months. The3’^ are observed at thi'ee- 
month intervals for at least a 3’^ear. 

The criteria for judging the end results of these operative procedures are primaillj^ 
the objective clinical findings as i-egards the function of the hip and the roentgenographic 
changes in the hip joint. The clinical end results are classified as excellent, good, fair, and 
poor. The goal to be attained for this condition is a normal hip, ascertained b3'- the range 
of motion and function in the hip joint following the operative pi-ocedure. In this study the 
excellent hips are those in which the range of motion is essential!}" normal, except for a 
possible limitation in flexion or internal rotation, or both, of 5 to 10 degrees. Those classi- 
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TABLE I 


Clinical Results Following the Operative Procedures 


Operative Procedure 

Re.sult.s 

Excellent 

Good 

1 

Fair 

Poor 

Total 

Wedge osteotomy and internal fixation 

19 (56%) 

3 ( 9%) 

1 ( 3%) 

11 (32%) 

34 

Open reduction withont internal fixa- 






tion 

4 (36%) 

2 (18%) 

0 

5 (46%) 

11 

Open reduction without wedge and 






with internal fixation 

2 (50%) 

1 (25%) 

0 

1 (25%,) 

4 

Closed reduction with internal fi.xation 

5 (S3%) 

0 

0 

1 (17%) 

6 

Internal fixation ivithout 






attempted reduction 

11 (69%) 

1 ( 6%) 

0 

4 (25%) 

16 

Subtrochanteric osteotomy 

2 (50%) 

1 (25%) 

0 

1 (25%) 

4 

Totals 

43 (57%) 

S (11%) 

1 ( 1%) 

23 (31%) 

75 


fied as good have flexion up to 90 degrees with no flexion contracture, and internal rotation 
beyond 10 degrees without pain. Those classified as jair have the same limitation of 
motion and mild restriction as the good hips, but have a minimum amount of pain or 
fatigue with actiidty. The poor end results are those in which there is limitation of motion 
of less than 90 degrees in flexion, a flexion contracture, and a “gluteal" gait; pain may or 
may not be present. 

This lesion usually occurs between the ages of nine and seventeen years, with an 
average of thirteen years and five months. In this series, one patient had symptoms of 
two years' duration. Fortj^-eight of the patients (73 per cent.) were males, and eighteen 
(27 per cent.) were females. The obese appearance of these patients was noteworthy. 
Forty-six (70 per cent.) were obese, and only 20 (30 per cent.) had normal body weight. 

The duration of sjTnptoms in all cases of displacement of the upper femoral epiphysis 
was slightly over six months. In those cases in which the disability was caused by trauma, 
the duration ranged from four days to twenty-four months; in the cases of chronic shpping 
of the epiphysis, the range was from one and one-half months to eighteen months. An 
educational campaign for early recognition and treatment of this lesion is certainly indi- 
cated, and would be particularly valuable in this lesion with its limited age incidence, 
appearance of obesitj’’, and characteristic clinical signs. 

The duration of follow-up study in the cases reported here ranged from two months to 
twelve years, ndth an average of thirty-four months. In five cases in which the hip was 
operated upon, the period of follow-up was less than six months. Two of these patients 
are still under medical observation. The period of studj’' of these cases extended from 1934 
until December 1946. In response to a recent request, a number of these patients returned 
to the Clinic for check-up studies. Most of these had maintained the functional results 
observed a few months after operation. 

The clinical results of the various operative procedures are shown in Table I. 

Of the sevent 3 ''-five hips operated upon bj' all surgical procedures, fortj'-three (57 
per cent.) had excellent clinical results; eight (11 per cent.) had good clinical results; one 
(1 per cent.) had a fair result; and twent%-three (31 per cent.) had poor results. 

Of thirtj'-four patients in whom a wedge osteotomj' with internal fixation was per- 
formed, nineteen (56 per cent.) had excellent clinical results; three (9 per cent.) had good 
clinical results; one (3 per cent.) had a fair result; and eleven (32 per cent.) had poor 
results. 

* One hip of this scries has been excluded, as our original operation was a Whitman reconstruction. 
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The results in eleven patients, in whom an open i-epJacement of the head was per- 
formed without the use of internal fixation, showed that four (36 per cent.) had excellent 
clinical results; two (18 per cent.) had good clinical results; and five (46 per cent.) had 
poor results. 

The open reduction without wedge and with internal fixation, carried out in four 
cases, resulted in two excellent results (50 per cent.), one good result (25 per cent.), and 
one poor result (25 per cent.). 

In six patients in whom a closed reduction Avas obtained by means of traction or 
gentle manipulation and maintained by internal fixation, five (83 per cent.) had excellent 
clinical results and one (17 per cent.) had a poor clinical result. 

Of sixteen patients in whom no attempt was made to correct minimum displacement, 
and internal fixation Avas used to prevent further deformity, eleven (69 per cent.) had 
excellent clinical results, one (6 per cent.) had a good clinical result, and foui- (25 per cent.) 
had poor clinical results. 

Of four patients upon whom subtrochanteric osteotomy was performed, two had 
excellent clinical results and one had a poor clinical result. The poor result was undoubtedly 
due to the selection of an improper procedure. This patient had had marked limitation of 
motion in the hip joint before the operation had been performed. 

The end results in thirty-eight hips ti'eated bj’’ open reduction with internal fixation 
were as follows: 


Excellent 21 (55 per cent.) 

Good 4(11 per cent.) 

Fair 1 ( 3 per cent.) 

Poor 12 (31 percent.) 


One of the patients with an excellent result has roentgenographic changes indicative of 
early aseptic necrosis. One patient with a good result has roentgenographic changes com- 
patible with traumatic arthritis. In one of the patients tvith a poor result, non-union 
occurred at the osteotomy site. In the other elei’-en cases, the poor results were due to 
traumatic arthritis. 

The successful results in 66 per cent, of the cases in this group irould justify the 
procedure, if the delayed malum coxae senilis or degenerative arthritis were prevented 
from occurring later in life. The appearance of the hips seen ten or tAvelve years after 


TABLE II 

CoiArPABATIVE RANGES OF MOTION BEFORE AND AftEB OPERATION 


Operative Procedures 

1 

Persistent Normal 
Range of Motion 

Persistent Equal 
Limited Motion 

Postoperative Motion 

Total 

Cases 

Increased 

Decreased 

Wedge osteotomy and inter- 






nal fixation 

1 ( 3%) 

1 ( 3%) 

23 (68%) 

9 (26%) 

34 

Open reduction without inter- 






nal fixation 


1 ( 9%) 

8 (73%) 

2 (18%) 

11 

Open reduction without wedge 


1 




and with internal fi.xation 



4 (100%) 


4 

Closed reduction with inter- 


1 




nal fi.xation 

1 


5 (83%) 

1 (17%) 

6 

Internal fi.xation without a1- 






tempted reduction 

7 (44%) 

1 ( 6%) 

4 (25%) 

4 (25%) 

16 

Subtrochanteric osteotomy 


2 (.50%) 

1 (25%) 

1 (25%) 

4 

Totals 

. 

S (11%) 

5 ( 7%) 

45 (60%) 

17 (22%) 

75 


Tflr: JOfR-VAf, OF HO.Vf; A.VO JOr.VT .SFROERV 



SLIPPED UPPER FEMORAL EPIPHYSIS 


25 


TABLE III 

Complications Revealed by Roentrexogbapiiic Changes Correlated avith 
THE Varioijs Operative Procedures 


Operation 

1 

Total Xo. 
of Hips 

Operated Upon 

Complications 

DegeneratiA-e| 

Arthritis 

1 

Aseptic 

X'ecrosis 

Xon-Union of 
Epiphysis 

Crushing of 
Xeck 

Wedge osteotomy A\nth 






internal fixation 

34 

10 (29%) 

1 ( 3%) 

1 ( 3%) 

0 

Open reduction AA-ithout 






internal fixation 

11 

3 (27%) 

1 ( 9%) 

0 

1 ( 9%) 

Open reduction AA-ithout wedge 



1 



and AA-ith internal fixation 

4 

2 (50%) 

j 0 

0 

0 

Closed reduction AA-ith 





1 

internal fixation 

6 

0 

1 (17%) 

0 

t 0 

Internal fixation AA-ithout 





i 

attempted reduction 

16 

i 2 (13%) 

0 

0 

0 

Subtrochanteric osteotomy 

, 4 

1 (25%) 

0 

0 

0 

Whitman reconstruction 

1 





Xo operation 

2 

2»* 




Totals 

1 78 (100%) 

1 

18 (23%) 

, 3 ( 4%) 

1 ( l^c) 

1 ( 1%) 


* This patient liad fibrous ankj’losis of the hip. 

** These patients had received no preATOUs therapy, and are not included in the total of cases of degen- 
erative arthritis as a complication. 


operation makes us hopeful that a normal hip has resulted in these successful cases. 
Sufficient time has not elapsed, hoivever, to be certain. 

In the earlier cases, prior to the use of internal fixation, open reduction Avas performed 
on eleven hips (Table I) , In the group nith poor results, one head A\'as displaced in plaster 
and an arthrodesis ivas performed subsequentl3'; and one head and neck AA'ere crushed bj' 
a manipulation, prior to operation. External hxation Avithout earh' mobilit}', and lack of 
secure fixation of the epiphysis, Avere responsible for the lou'er percentage of good results, 
in contrast to those obtained bj' open reduction Avith internal fixation. 

Closed internal fixation Avithout attempted correction of the deformitA- AA-as carried 
out -on sixteen hips (Table I). Those A\-ith preslipping and AA'ith mild displacement (less than 
one-third the diameter of the neck) fall into this group. It is surprising that this group had 
only a slightly higher percentage of successful results, — 75 per cent, instead of 66 per cent. 


TABLE IX 

Correlation of End Results avith Duration of Symptoms * 



1 

Duration of Symptoms 


End Rc.^ult 

Xot Stated 

Less than 

2 Weeks 

2 Weeks to 

3 Months 

3 Months to j More than 

6 Months j 6 Months ' 

1 

Total 

Ca=e--' 

Kwcllcnt . . 

•1 ( 9%) 

3 ( 7%) 

9 (21%) 

11 (26%) 1 16 (37%) 

1 (13%) j 5 (62%) 

1 1 (100%) , 

5 (19%) 1 9 (35%) 1 

43 

Good . ... 

Fair .... 

1 (13%) 

0 

1 (13%) ! 

i 

I s 

1 

Poor 

4 (15%) 

0 

S (31%) 

26 


• Tho patients, first seen with artliritic hips, had had no previous surperj-. 
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in the thirtj^-eight cases treated by open reduction and intei-nal fixation. Traumatic 
arthritis developed in two of the patients with poor results. 

Excellent results were obtained with reduction bj^ manipulation or traction, or both, 
and closed internal fixation, in five of six ca.ses with acute traumatic displacement, in 
contrast to the chronic type with slow slipping. 

Four hips were treated by subtrochanteric osteotom3^ These cases were selected 
when malunion was incomplete, Avith obliteration of the epiphysis. External-rotation de- 
formity in a movable hip gave an excellent result for the time being in these cases. Obvi- 
ously, with the malposition of the epiphj^sis in this group, degenerative hip disease ivill 
eventually occur, even in those cases in Avhich the present results are successful. 

Even though the displacement of the upper femoral epiphysis is old or gradual in its 
occurrence, marked limitation of motion in the hip joint is frequently present. Although 
an increase in the range of motion does not satisfy the criteria given for the clinical classifi- 
cation, manj*- of these cases show an increasing range of motion following the operative 
procedure (Table II). 

The results of the open operation without wedge and Avith internal fixation shoAA^ed 
that four (100 per cent.) of these patients had an increase in their range of motion after 
operation. 

The patients AA'ith acute traumatic displacement of the epiphj'-sis usually had marked 
limitation of motion before operation, as a result of the pain and muscle spasm, due to 
the trauma. In those in AA^hom reduction Avas obtained by traction or gentle manipulation, 
fiA'-e (83 per cent.) had an increase in their range of motion after operation; and one patient 
(17 per cent.), in AAiiom aseptic necrosis dcA^eloped, had a decrease in the postoperative 
range of motion. • 

Interestingly enough, of the patients upon A\'hom internal fixation A\’as performed 
AA'ithout any attempt at reduction, four (25 per cent.) had a postoperative increase in their 
range of motion. Traumatic arthritis folloAAung the operative procedure developed in Iaa^o 
of these cases, AAuth decreasing range of motion. In seven (44 per cent.) of these cases a 
noi’mal range of motion persisted, both before and after operation, and one patient had a 
persistent, equal, limited range of motion both before and after the operation. 

Of the four patients upon Avhom subti’ochanteric osteotomy AA'as performed, tAAm had a 
persistent, equal, limited range of motion both before and after operation. One had a 
postoperative increase in his range of motion, and one had a postoperative decrease in the 
range of motion. 

Of all the operations performed — that is, in seventj'--five hips— the normal range of 
motion persisted in eight (11 per cent.) both before and after operation. Five (7 per cent.) 
had a persistent, equal, limited I'ange of motion before and after operation. Forty-five 
(60 per cent.) had a postoperative increase in their range of motion, and seventeen (22 
per cent.) had a decrease in their postoperative range of motion. 

The complications resulting from A'^arious operatiA'^e procedures AA^ere four in number, — 
traumatic arthritis, failure of union at the osteotomj'’ site, aseptic necrosis of the head 
of the femur, and a ci’ushing injuiy to the head and neck resulting from a manipulatiA^e 
procedure (Table III). 

The roentgenographic changes considered as indicative of traumatic arthritis are 
those in AA'hich there is a gradual or rapid loss of joint space; a generalized osteoporosis 
earl}’’ in the postopera tir^e period, and a subsequent loss of the subchondral bone; prolifera- 
tive changes around the joint Avith deformity of the head of the femur and the acetabulum; 
and osteosclerosis of the ai-ticulating portions of the acetabulum and femoral head, AA'ith 
cystic degeneration. In certain cases it AA'as difficult to state definite^ AA'hether all of the 
pathological changes demonstrated bj^ roentgenogram AA'ere the I'esult of traumatic arthri- 
tis alone, or AA'hether thej" may haA'e resulted from an associated aseptic necrosi.s, AA'ithout 
serial roentgenographic evidence to substantiate its existence. 
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Aseptic necrosis is defined as a relative increase in the density of the femoral head 
with subsequent fragmentation and loss of substance, without early concomitant changes 
in the acetabulum and usually with a well-maintained joint space. 

In eighteen of the seventy-five hips operated upon, traumatic arthritis developed. 
Obviously the greater proportion occurred in the group which had had open reduction; in 
approximately one third of these cases arthritis developed, whereas arthritis occurred in 
only S per cent, of the cases of internal fixation done blindly. The value of earlj' recognition 
and early treatment is emphasized here. In spite of roentgenographic evidence of arthritis, 
two patients had good clinical results. 

Two other cases have been added to this group, although the patients had received no 
previous therapy; arthritis developed and the patients consulted us primarily for the 
painful, stiff hip. They have been included in this study to demonstrate the spontaneous 
tendency for arthritis to develop, without treatment. Vitallium-cup arthroplasties were 
performed upon these two patients. 

Aseptic necrosis developed in three of the cases. One patient has to date a full range 
of asymptomatic motion, but it is only six months since the operation. The area of aseptic 
necrosis seems to be localized at the superior margin of the head. In the reported case of 
aseptic necrosis following closed reduction \rith internal fixation, the head appeared dead 
prior to the nailing. Union occurred, however, and later a typical aseptic necrosis resulted. 
The authors feel that three of seventj’-five hips operated upon (4 per cent.) do not con- 
stitute a high incidence of aseptic necrosis for operative procedures which can correct an 
otherwise certain disability. 

Non-union of the epiphj’sis and the neck at the osteotomy site occurred in only one 
case. This was the result of inadequate fixation with a Smith-Petersen nail whieh was 
too short. It is a tribute to the procedure that failure to unite occurred only once. 

The crushing of the head and neck of the femur is a complication which should not 
have occurred. Overzealous manipulation ndth the application of any force should not be 
employed in this group. This is a preventable complication. 

The end results, both clinically and by roentgenogram, of the operative procedures 
in the twelve patients with bilateral hip involvement were essentially the same in both 
hips, even though a different procedure was done in each hip. Both hips did well or both 
did poorly in each case. 

Table IV presents a correlation of the end results with the duration of symptoms. 
In our Clinic, the acute injuries are in a minority, so that the table is not of much value, 
except to point out that good or excellent results could be obtained some months after the 
onset of the lesion. The acute traumatic displacements, readily reduced and fi.xed in- 
ternally by blind nailing, did produce the best results. 

It has been observed in several patients in whom traumatic arthritis developed that, 
in serial roentgenograms, the joint space previously lost was re-established. This restora- 
tion of an essentially normal joint space was accompanied by relatively little improvement 
of the functional result. An explanation for this phenomenon is lacking, but possib^' 
it results from a loss of the superficial layers of articular cartilage, with a retention of 
the germinal layer With later proliferation of the germinal layer, the joint space is 

re-established. 

/ 

COXCLUSIOXS 

With careful selection of cases and the proper operative approach, the authors feel 
that open operative correction by transcervical osteotomy and internal fixation gives the 
best chances foi good function of the hip joint. In the slipped upper femoral epiphvsis ndth 
malunion, because of the re-establishment of a normal anatomical relationship, the chance 
of this good function persisting into later life is excellent. Sixty-eight per cent, of tlie hips 
operated upon by this method had good hip-joint function, some having been observed as 
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long as twelve 3 "ears after the opei’ation. We feel that this pci'centage justifies our con- 
tinuance of this operative procedure. 

Blind fixation of the epiphj^seal line in the preslipped and earlj^ phases of slipping 
insures against the possibility of subsequent, more extensive, displacement. Such a pro- 
cedure does not predispose the hip to the development of arthritis. 

The two major complications arising as a result of the operations on the hip for this 
condition are traumatic arthritis and aseptic necrosis, Onl.y 4 pci’ cent, of the hips which 
were operated upon revealed roentgenographic evidence of aseptic necrosis; consequently 
it is not a frequent complication of the operation. Definite evidence of traumatic arthritis 
was present in 24 per cent. As this developed in two patients in whom no therapj^ had 
been attempted and in two in whom blind nailing had been performed, it has led the 
authors to conclude that the operative procedure is not the onlj^ factor contributing to 
this complication, but that some intrinsic predisposition toward this complication exists 
in this peculiar condition. 
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DISCUSSION 

Dr. Lewis Clark Wagner, New York, N. Y.: I should like to bring out a few points concerning these 
papers. 

1. Early diagnosis probably would preclude all this discussion. I agree that in cases in which the diagno- 
sis is suspected or arrived at early, where there is no slipping or a minimum of slipping of the epiplu’sis, a 
well-placed nail, transfixing the neck and the head on the affected side, would jdeld a cure in almost every 
case. It is important that there be no weight-bearing for at least six months in these cases, as the nail serves 
onb’’ to prevent further slipping until union of the epiphysis can progress in the usual manner. 

2. Closed reduction should be attempted onfi’’ in the acute traumatic case. I have often attempted to 
reduce the slipped femoral epiphysis under direct vision Avith the hip joint opened, and I have concluded that 
it cannot be reduced. One is apt to be deceived because, AA'hen the limb is internalfi' rotated and abducted, it 
gives the appearance of reduction AA'ith lengthening of the neck. HoAA’ever, in the lateral roentgenogram, aa’c 
find that no change has taken place. 

3. IVlien the narroAA’ed joint space is noted in the old cases and degenerative changes are present in the 
articulation, nothing can be done except to hope for the best or to perform an arthrodesis of the hip. Arthro- 
plasty ma}" be tried, but I am leserving my opinion on that. 

4. Subtrochanteric osteotomj'', I feel, is the second choice for the treatment of badl}^ slipped epiph 3 'ses. 
In patients with marked limitation of motion and the limb in external rotation, with or Avithout flexion 
deformity, the surgeon, AA'hose care is sought from three to five j'ears after the initial sjmiptoms, can hope 
onfi" to sah'-age Avhat is left and to let Nature take its course, after the deformitj’’ of the. femur has been cor- 
rected and the limb has been placed in the attitude of good function, AA'hich is correction of the external 
I’otation and the fle.xion-adduetion deformity. Subtrochanteric osteotomy is probably best suited to the 
aA’^erage surgeon. 

5. I consider the AA’edge osteotomj^ of the neck of the femur the operation of choice. This operation 
should be limited to patients from eleven to fifteen j^ears of age, AA'hose slipping has been present from a fcAV 
months to a A'ear or OA^er. It is most satisfactoiy AA'hen there has been up to 70 per cent, slipping of the head 
on the neck. We haA'e had most gratifjdng results in oA'er tAA-ent 3 ’’ cases in the last ten 3 'ears. I am sure many 
surgeons haA'e tried the Avedge osteotom3', but have abandoned it because 1he3' did not folIoAV through the 
treatment correctly. Tliere are many technical difficulties. 

This treatment seems to be most rational because, in the.se advanced cases, aa'c see an apparent disiup- 
tion of the circulation of the head of the femur, — circulation AA'hich, at its best, is inadequate. At this stage, 
union apparentfi' has begun to take place AA'ith the hip in the deformed attitude, in an attempt at normal 
restoration of circulation. To tr 3 ' to replace the head of the femur 1)3' division of the epiph 3 'seal line AA'ould 
add trauma to the already impaired circulation of the head. The neck of the femur has ample circulation so 
that, bv removal of a section of bone through the cancellous area, the circulation of the impaired cpiplo'scal 
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plate is not disrupted. By this method, \vc liave re.stored the anatomical position of the head of the femur, 
corrected the coxa vara, and given Xatnrc the best chance to aid in the healing of the affected parts. 

I am not unmindful of the pitfalls and hazards that may arise, .should not extreme care, gentleness, and 
diligent attention to detail be followed in this form of treatment. 

Dr. H.xrold E. CRO^^'E, Los .Angeles, C.xliforni.x: Since I have come to accept as gospel the work of 
Dr. Eugene AVolcott on the blood supply of the capital femoral epiphysis, I do not do osteotomies through 
the neck of the femur. If the gentlemen who have presented operations today are able to do so without injury 
to the periosteum, great credit is due them as surgeons. Until 1 feel able to do this surgerj- more easily, I do 
not plan to undertake this tj-pe of operation. 

We must have large numbers of statistical facts, and Dr. Badglej" has given us these facts. Undoubtedlj- 
in a large scientific institution it is all right to have 32 per cent, of bad results, but in the town in which you 
practise, one case of aseptic necrosis would be a major catastrophe. I have not had the opportunity to see the 
roentgenograms of Dr. Martin’s cases, but I have looked over Dr. Badgley’s roentgenograms, as displayed 
in his scientific exhibit at this meeting. I fovmd only one hip in which I felt a true normal had been restored. 
-All of the hips pre.=ented in these roentgenograms will undergo major degenerative changes within twenty 
years. 

While it is wonderful to have given a sixteen-yearK>ld boy twenty \-ears of useful hip function, at age 
tlurty-six, when the man has reached the high point of productive activity, a degeneration of the hip with pain 
sufficient to stop his actixities will be a major catastrophe. None of us can foUow a thousand indixiduals with 
this type of illness through a twenty-year period, since none of us can lix-e that long. It must be the accumu- 
lated effort of many men to produce a series of one thousand cases with a twentx'-year follow-up; and, imtil 
that has been done, I feel that most of us should use the procedure given by Dr. Vernon P. Thompson in 
1937, and published in 1943 as the V-gliaped telescoping osteotomy (Archives of Surgery, 46: 772, 1943). He 
produced excellent hips, xxithout signs of such degeneration as we have seen in the exhibit. 

Dr. Aian Deforest SxnxH, New York, N. Y.: I would like to correct the statement which Dr. Badglex- 
made about the practice at the New York Orthopaedic Hospital in regard to open reduction of the slipped 
epiphysis. It is true that xx-e made the statement sex'eral years ago that we did not approve of this operation. 
We have found, hoxx'ever, that it is necessarj' to do an open reduction by an osteotomy through the neck of 
the femur in severe cases, but we confine the operation to the most extreme deformities. In the less sex’ere 
displacements, we still prefer to correct the internal rotation and adduction by a subtrochanteric osteotomy. 
Fortunately, most of our cases are seen in the earlj' stages, when correction of the deformitx- is not necessary. 

The operation which we have used for some time to effect an early closure of the epiphyseal line is to 
expose the neck of the femur and to cut a small window, about one centimeter square, in the neck, close to 
the margin of the head. Through this a drill is passed across the epiphyseal line into the head in sex'eral 
directions, and a small sliver of bone is placed in each drill hole. This produces bony union between the head 
and neck in an average of about eight weeks, at which time it is possible to get the patient up with crutches. 
We do not immobilize the hip after the operation. 

Dr. J. Albert Key, St. Louis, Missouri: In 1922, 1 rex-iewed all the cases of slipped epiphyses we had 
had at the Massachusetts General Hospital. At that time we showed this as a migration of the epiphysis. It 
happens during a period of rapid growth. This “new” operation that is being reported has been done all ox-er 
the countrj’ for twenty years. When Smith-Petersen introduced his nail, that was used. You can only reduce 
the displacement by shortening the neck. The bead is found on the posterior portion of the neck and is united 
by bone. When you get enough bone out to permit reduction, you usually find a ridge of bone on the posterior 
and inferior borders of the neck, and this must be remox-ed. 

I had two cases of aseptic necrosis before the Smith-Petersen nail was introduced. I have had no case 
since, but have had one case of ankj-losis. I hax'e not done so many operations as Carl Badgley and his asso- 
ciates, but most of the results have been good hips. They are going to be good hips at sixty-five. If you 
do a subtrochanteric osteotomy and do not correct the position of the head, an arthritis will be produced by 
incongruity and not by nutritional changes. This may occur as a result of an operation done twenty yeara 
, previously. Some of these are so markedly rotated extemaUy that I have pulled off the greater trochanter, 
trx'ing to reduce the displacement. 

This is the operation of choice in my hands. A'ou will not get aseptic necrosis in enough case.- to make it 
worth while to do any other procedure xxith which I am familiar. I believe you will get permanentlv good 
hips, if J’o" operation fairly well. 

Dr. Willlxm T. Greek, Boston, M.xss.xchusetts: I w-ould like first to comment on Dr Martin’s 
paper. .At the meeting of the .American Medical Association in Cleveland in 1944, we described in detail a 
technique which has little variation from that described by Dr. Martin. I xvould like to empharize one or'two 
points. One is that there is xvhat amoiint.s to a mesenterx- on the inferior a.spect of the neck of the femur— 
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the retinaculum of Weitbreoht — \vhicli contains a large part of liic vascular supply for the head of the femur 
In slipped epiphysis, as the neck migrates forward and upward, the supei-ioi’ cervical vessels are interruptec 
and the inferior cervical vessels of the retinaculum are shortened, but maintain their continuity. If the vessel! 
remain in this shortened position for an}' length of time, they adapt themselves to this new length. However 
if the head is pried into position, they must necessarily be stretched beyond their adaptive length, occludinj 
their lumina, which may well precipitate aseptic necro.sis of the head. The problem, then, is a little more thar 
removing enough bone to restore alignment and to be able to pry on the head. One must remove enough bom 
from the neck to place the head in position without tension on the inferior vessels. A careful subperiostea 
dissection for exposure of the neck is important, but in this the big thing is to preserve the inferior vessels. 

I would like to call attention to the results obtained in a group of cases which wei'e treated by traction 
to the extremity in internal rotation, followed by a hip spica, which in turn was followed by counterpoised 
traction with motion; this was called the tracfion-spica-traction method. These cases were reported in the 
paper referred to, which was published in the Archives of Surgery in January 1945 (vol. 50, pp. 19-32). The 
indications for the use of this method were outlined, and the results obtained were as good as those in any 
group with which we are acquainted. 

Dk. Paul H. Martin (closing): In my' paper I was mainly attempting to make two points. The first 
concerns the dangers of manipulation. I think most of us have at some time been intrigued with that form of 
intervention; but it is too dangerous, even if unsuccessful. Also, many' of the poor results which follow open 
reduction may be due to the trauma of a preliminary' attempt at reduction by' manipulation. Therefore, if we 
cannot get a large series of cases to study which have had no preliminary' manipulation, I do not see how we 
can get any' accurate idea of the results of operative reduction. 

Dr. Key has said that open reduction is nothing new and has been done all over the country for twenty 
y'ears. Yes, open reduction has been done all over the country', probably' by' most of y'ou, during the last 
twenty' years. But how? And with what results? Too many cases of aseptic necrosis, too much traumatic 
arthritis, too many poor results. Something has been lacking in the method, or rather in the technique. 

The second point I tried to establish in my' paper was the extreme importance of preserving the essential 
attachments of the epiphysis at operation. From the picture Dr. Wagner showed, it was not clear to me that 
he was talking about the same thing I was talking about. In the slides he used to illustrate his discussion, the 
periosteum had not been reflected and preserved in the way' which we think is essential to avoid injury' to the 
blood supply. Nor was this evident in the slide which Dr. Badgley' showed. When we come to appreciate the 
importance of the periosteal blood supply' of the epiphysis, I am sure that the results of open reduction will 
improve. 

I wish to thank the gentlemen who discussed our papers. 
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SUMMARY OF RESULTS OF BON&GRAFTING FOR WAR INJURIES 

BY LIEUTKXANT COLONEL REGINALD C. FARROW 
Medical Corps, Army of the United Slates 

The purpose of this paper is to record the experience obtained in the transplantation 
of autogenous bone for the treatment, of 15G consecutive cases of fracture of the long bones 
with non-union or limited union, sustained as a result of war injuries. The patients in this 
series were treated in the Section of Orthopaedic Surgery of Deshon General Hospital, 
Butler, Pennsylvania, during the years 1943 to 1946. The facilities for treatment were 
those of the average named Army General Hospital in the Zone of the Interior, and were 
of outstandingh' high cjuality in all respects. The clinical work was performed bj*^ several 
fully qualified orthopaedic surgeons, and the results are to be viewed as those of group efltort. 

These patients were received at Deshon General Hospital from six weeks to several 
months after the initial injmy overseas and, with the exception of eighteen patients who 
were operated upon- within a few months of the closing of the Hospital in the spring of 
1946, they remained for the entire period of definitive treatment, thus permitting an evalu- 
ation of the end results. Compound fractures had occurred in 80 per cent, of the cases, and 
almost all were solely injuries of the bones and soft tissues, not accompanied bj’’ peripheral- 
nerve or vascular injury. 

An estimated 8,000 fractures of the long bones were treated at this Hospital during its 
period of activity, and the incidence of non-union and limited union can thus be estimated 
roughlj' as about 2 per cent. 

The diagnosis of non-union was made by conventional criteria. In many cases, vith 
loss of bone substance and a gap between the fragments, the diagnosis was ob^^ous. "WTien 
an acceptable reduction of the fracture existed, the presence of false motion at the fracture 
site at the end of six months, plus roentgenographic evidence of failure of union, was 
considered to indicate non-union. However, it was found that the arbitrary six-month 
period could often be revised downward for fractures of the tibia, where non-union might 
be strongly suspected at four and one-half or five months; and very frequently it could be 
re^^sed upward for fractures of the femur, which often united at eight or nine months b 3 ^ 
closed methods. _ 

The timing of operative intervention, in a large number of cases, was dependent upon 
the complete healing of soft-tissue wounds and the restoration of skin, adequate in qualitj' 
and quantity, at the level of the fracture site. In instances of soft-tissue deficiencj" in the 
area of approach to the bone-graft operation, the appropriate soft-tissue plastic procedures 
were carried out meticulously, preliminary to bone surgery. The misfortunes attending 
disregard of this fundamental rule were observed in a few instances earlj' in the series. 

No postoperative infection at the site of the donor bone occurred. Postoperative frac- 
ture of the donor tibia occurred in four instances, and the application of a tibial caliper 
brace was employed frequently in the latter part of the series to prevent this complication. 

All patients received penicillin postoperativelj’ for two weeks, or longer when indi- 
cated. 

RESULTS 

A total of 156 cases were treated by autogenous bone-grafting,— in 137 instances for 
non-union, and in 19 instances for limited union. 

Of the 137 cases of non-union, the end results are known in 119. Of these, the proce- 
dure was successful in securing union in 104 cases (87.4 per cent.). The procedure failed in 
fifteen cases (12.G per cent.). Eighteen cases were lost track of before the end results could 
be judged. 
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TABLE I 

Results of Bone Grafts for Non-Union in Entire Series 


Location of 

Graft 

No. of 
Grafts 

End 

Results 

Knou'n 

Successful Results 

Failures 

No. 

Per cent. 

No. 

Per cent. 

Humerus 

13 


9 

90 

1 

10 

Radius 

13 

8 

6 

75 

2 

25 

Ulna 

21 

17 

1.5 

88.2 

2 

11.8 

Metacarpals 

27 

27 

27 

100 

0 

0 

Femoral neck 

5 

4 

4 

100 

0 

0 

Femur 

13 


7 

70 

3 

30 

Tibia 

38 

36 

29 

80.6 

7 

19.4 

Medial malleolus 

7 

7 

7 

100 

0 

0 

Totals 

137 

119 



15 

12.6 


Of the fifteen failures, eight were complicated by postoperative infection, and in seven 
the wounds were clean postoperatively. A total of eighteen postoperative infections oc- 
curred in the entire series (11.5 per cent.). 

The results for the complete series are summarized in Table I. 

The inclusion of non-union of the metacarpals and medial malleoli, for the sake of 
completeness in a consecutive series, gives a percentage of successful cases which is 
^ye^ghted unduly by non-unions that respond readily to bone-grafting and offer relatively 
little technical difficulty. Table II summarizes the results when the metacarpals and 
medial malleoli have been excluded, and gives a truer picture of the findings in the more 
difficult types of cases. In this smaller group, comprising non-union of the humerus, radius, 
ulna, femoral neck, femur, and tibia, the end results are known in eighty-five cases, of 
which seventy (82,4 per cent.) were successful and fifteen (17.6 per cent.) were failures. 

FINDINGS IN INDIVIDUAL GROUPS 

Humerus 

Thirteen cases of non-union of the humerus were treated. The end results could be 
determined in ten, of Avhich nine (90 per cent.) were successful and one (10 per cent.) was 
a failure. • 

There was a high incidence of gross comminution and loss of bone substance in this 
group; and, in all of the thirteen cases, the fracture site was near one end of the bone, seven 
being in the pro.ximal fourth and six in the distal fourth. They commonly presented an 
especiallj'- difficult technical problem in the anchoring of the graft to the short fragment, 
which often was not long enough to permit the use of an onlay graft. This difficulty was 

TABLE II 


Results of Bone Grafts for Non-Union, Excluding Metacarpals and Medial Malleoli 



1 

Location of 

n 



Failures 


Graft 



No. 

Per cent. 

No. 

Per cent. 


13 

10 

9 

90 

1 

10 


13 

8 

6 

15 

75 

2 

25 


21 

1 

17 

88.2 

2 

11.8 


5 

4 

4 

100 

0 

0 


13 

10 

7 

70 

3 

30 

Tibia 

38 

36 

29 

80.6 

7 

19.4 



I 103 

j 85 

70 

82.4 

15 

17.6 
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u-u;vlly overcome, iu the proxhmvl fourth, by impounding a tibial graft into the head and 
neck, and onlaying the distal portion of the graft to the shaft with metal-screw fixation. 
Any existing gap was closed liy siiortcning. In the distal fourth, an intramedullarj' peg of 
tibial cortex was used in three cases. The undesirable features of intramedullary grafts in 
general were fully appreciated, but it was felt that the firm fixation afforded by this 
type of graft in this location offset its disadvantages. In the remaining three cases in 
the distal fourth, it was possible to use onlay grafts. 

The one failure was in a fracture of the proximal fourth, and was secondary to 
postoperative infection. 

Radius 

Thirteen cases of non-union of the radius were treated. The end results could be 
determined in eight, of which six (75 per cent.) were successful and two (25 per cent.) 
were failures. The usual procedure was a tibial onlay graft with metal-screw fixation. 


i 



Fig. 1-A Fig. 1-B 


Fip 1-A : Patient lias sustained compound fracture from gumsiiot, udth median-nerve paralv=is Bone- 

^nuting was done SIX months after drainage of wound had ceased. 

Fig. 1-B: Roentgenogram taken during internal study after grafting. Successful union was obtained 
subsequently, with oO per cent. rot,ation of the foro.arm and spontaneous recovery of the median neiwe 
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Fig. 2-A Fig. 2-B 


Fig. 2-A: Patient had compound fractures of femur, tibia, and radius. Successful secondary closure 
of all wounds was carried out overseas two weeks after injury. All fractures united, but the femur had 
limited union. Refracture of femur occurred while patient was in ischial caliper brace. Ti action and 
suspension were resumed, and limited union was obtained. 

Fig. 2-B: Roentgenogram taken after bone-grafting. Knee motion was from 180 to 85 degiees. 

Of the two failures, one was due to an immediate gross postoperative infection, nec>!: ■ 
sitating the eventual removal of the graft. The second was probabl}^ due to faulty tech- 
nique. Another grafting procedure was done subsequently, the result of which is not known, 

Ulna 

Twenty-one cases of non-union of the ulna were treated. The end results could be de- 
termined in seventeen cases, of vhich fifteen (88.2 per cent.) were successful and two 
(11.8 per cent.) were failures. 

These fractures commonly presented gross loss of bone substance, with resulting bone 
gaps up to two inches. The ease of exposure, however, rendered them technically sanplc 
to deal with. A tibial onlay graft was used most frequently, a tibial inlay graft was used 
in a few cases, and a sliding onlaj'^ graft was employed in one instance. Metal-screw fixation 
was preferred, but poor quality and caliber of bone occasionally prevented its use, an'd 
loops of stainless-steel wire had to be resorted to. Wire had the disadvantage of offerin'* 
less security, and tended to be irritating afterward in its subcutaneous location. Wi| 
was the method of fixation in one ol the failures. { 

The two failures occurred in the same patient. A large bone defect was bridged with" 
tibial onlay graft, which failed to unite Avith the proximal fragment. The failure a\:d 
probably due to the inabilit}" of the operator to deal effectively AAoth a proximal fragment 
of bone of poor qualit 3 ^ A second attempt failed in the same area. A third procedure a\ as 
carried out, the end result of Avhich is not knoA\m. 

Mctacarpals 

Twenty-seA'en cases of non-union of a metacarpal were treated routinel}*’ by the inser- 
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Ri of an intramedullary dowel of tibial cortex. Union was olitaincd in every case. A 
Id transient infection occurred in one case, but it did not interfere with the final 
ult. 

Femoral Xcck 

Ihve cases of non-union of the neck of the femur were treated. The end results could 
-le determined in four, all of which were successful. 

The method of treatment employed was the placing of a bone dowel through the 
femoral neck, across the fracture site. The hip was opened in one case, the fracture site was 
visualized, the fracture was reduced, and a portion of the fibula was driven through a drill 
hole >mder direct vision. In another case, two small grafts of tibial cortex were placed 
ok dly. Postoperative roentgenograms showed one graft to be too short to cross the 
iracihre site, but union nas obtained after considerable delay. In the remaining two cases. 
; dowel of tiliial cortex, one-half inch in diameter, was placed blindly through the neck. 



Fig. 3-A Fig. 3-B 


' Fic 3-A: Compound fracture r&sulted from gun-‘;hot. Successful skin-graftini; was performed over- 
pns l>onc-gr.afting w.as done four months after completion of the skin graft. 

Fig 3-B: Roentgenograms taken during inteiwal study after hone-grafting. I.on-grade infection of 
wound supervened. De\-italized hone and part of the metal were removed si\ month'- after grafting The 
-.-rnninimr metal was removed nine months after bone-grafting. Complete wound healing atnl -uce-'-ful 
un^on had occurred eleven months .ifter grafting. 
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TABLE III 

Phesence of Infection affer Bone-Grafting 


T.n(*n,t.ion of 

No. of 
Patients 
Oiierated 
Upon 

Postoperative Infections 
Within Group 

Failure of Procedure 
Caused by Post- 
operative Infection 

Graft 

No. 

Per cent. 

Humerus 

1 

2 

14.3 

1 

Radius 

1 

13 

1 

7.7 

1 

Ulna 

21 

2 

9.0 

0 

Metacarpal 

27 

1 

3.7 

0 

Femoral neck 

5 

1 

20 

0 

Femur 1 

21 

2 

9.0 

2 

Tibia 

48 

9 

18.8 

4 

Medial mallenliia 

7 

0 

0 

0 , 

1 


j 

T'ntfl.ls I 

186 

18 

11.5 

8 




Femur 

Thirteen cases of non-union of the femur were treated. The end results could be de- 
termined in ten cases, of which seven (70 per cent.) were successful and three (30 per cent.) 
were failures. A single tibial onlay graft with metal-screw fixation was the method usually 
emploj'^ed. Two of the failures were due to postoperative infection. The third failure was 
in a femur of extremely poor vitality. There was no evidence of bone regeneration after 
grafting, and the graft finally broke. A double onlay graft would probably have produced 
a better result. 

It is believed that the small number of femora which came to operation is a reflection of 
the conservative handling of this fracture. In many instances, an apparent failure of union 
at six months was converted into union at eight or nine months by continued traction 
and suspension. It is felt that, by using the intervening time to promote knee action, these 
patients were made ambulatory, with a solid femur and an adequate range of knee motion, 
earlier than if they had been subjected to a bone-grafting procedure at the end of six 
months. 

Tibia 

Thirty-eight cases of non-union of the tibia were treated. The end results could be 
determined in thirty-six cases, of which twenty-nine (80.6 per cent.) were successful and 
seven (19.4 per cent.) were failures. 

A variety of methods were necessary to deal with the complex fracture patterns 
encountered. The most common type was an inlay graft from the opposite tibia, applied 
to the medial surface. It was desirable to fix the graft so securely by mortising that 
metal-screw fixation was unnecessarjq and among the benefits of this method Avas a con- 
siderable saving of operating time. However, metal-screw fixation had to be used in many 
instances. The graft was applied to the lateral surface of the tibia in several cases earlj’^ 
in the series; this area was abandoned subsequently in favor of the medial surface, be- 
cause of the ease of approach. Sliding inlay grafts were used when the fracture site was 
conveniently located in the proximal or distal portion. Combinations of onlay and inlay 
grafts, plus the use of bone chips, were devised to bridge the grossly comminuted fractures 
with loss of bone substance. The ingenuity of the operator was sometimes taxed severely 
to accomplish both fixation and restoration of continuity in these grossly shattered tibiae. 
Osteotomy of the fibula sometimes permitted a better approximation of the tibial surfaces, 
by allowing shortening to close a small persistent gap. The supportive effect of an intact 
libula. however, was not to be dispensed Avith lightly. A combination of inlay and in- 
tramedullary graft Avas used successfulh' to bridge a gap in one instance. 
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TABLE I^' 

Results in Sixteen Cases of Frank Osteomi elitis and Nine C\ses of 
Long-Continued Drainage, after Bone-Grafting 


Results 

Osteomj'clitis 

Long-Continued Drainage 

Without With 

Postoperative Postoperative 
Infection Infection 

1 

Without With 

Postoperative Postoperative 
Infection Infection 

Union obtained 

Procedure unsuccessful 

End result not knowTi 

4 6 1 

1 2 1 

6 1 


10 6 7 2 



The procedure failed in seven instances: 

In one case there had been drainage from the site of fracture for eight months after 
njury. Bone-grafting was performed 1.4 months after the establishment of a drj* wound. 
A gross postoperative infection followed, with disruption of the graft. 

An osteomyelitis had followed injurj-^ in the second case, with gross loss of soft tissue 
in the region of the fracture site. The osteomyelitis responded to conseiwative treatment, 
md the soft-tissue defect was covered successfully bj”^ a pedicle skin graft, nine months 
after injury. Bone-grafting for non-union was performed 1.8 months after the comple- 
tion of the skin graft. Eight weeks after bone-grafting, a slight amount of drainage from 
the wound was present, and a slow, progressive breakdown of the wound ensued. Multiple 
sequestrectomies of the host bone were performed, but in spite of the active infection 
present, the graft remained firmly in place, appeared to be uniting, and was allow'ed to 
remain. The outcome in this case is not known. 

In the third case, bone-grafting was performed 5.8 months after a successful skin 
graft. An immediate gross postoperative infection followed the bone-grafting. 

In the fourth case the removal of a protruding bone fragment at another hospital was 
required, three months after injury. Drainage ceased two months later. A small area of 
scar was excised; fresh skin edges were approximated; and healing was obtained. Bone- 
grafting w'as performed 0.6 month after healing of the skin wound. Slight drainage from 
the wound was noted two weeks after operation, but this gradually ceased as a result of 
penicillin therapy. In a period of nine months after operation the fracture became firmh' 
united, but a low-grade osteomyelitis continued and several sequestrectomies, in areas 
relatively remote from the graft, were performed. It is felt that the osteomj'elitis was in- 
fluenced adversely by a poorlj’^ timed operation, and the case is classed as a failure. 

Osteomyelitis was present for eighteen months after injury in the fifth case, neces- 
sitating two sequestrectomies at other hospitals. The bone-graft procedure had been done 

T.ABLE V 

ReL.\TION of PoSTOrER.\TIVE INFECTION TO W.AITING PERIOD IN 
Sample Group of SEVENrv-nvo C.\ses 


length of Waiting Period 
One to Three Three to Si\ Six to Eight 



1 Months 

Months 

Month' 

Without postoperative infection / 


31 

18 

With postoperative infection 

' 6 
(40Tci 

S 

(20 TTc) 

0 

Totals . . .. 

' 1.5 

1 

39 

!<' 


Total 


72 
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through a tense, poorly nourished, scarred skin area, which broke down after operation and 
exposed the area of grafting. It is felt that the failure to provide adequate soft-tissue cover- 
ing was the dominant error in this instance. 

The sixth was a clean case, and failure of union was probably due to poor technique. 

A history of fracture of the tibia in infancy, possibly at birth, was obtained in the 
seventh case. Union, with a marked lateral bowing deformity, was obtained, apparently 
after the passage of considerable time. Spontaneous fracture of the same tibia occurred 
during a forced march in Africa. Bone-grafting was performed, without correction of the 
bowing deformity, and failure resulted. A second bone graft, with correction of the de- 
formity by osteotomy, Avas successful. 

Medial Malleolus 

Seven cases of non-union of the medial malleolus were treated, and union was secured 
in all. Each was treated bj'’ the insertion of a dowel of tibial cortex across the fracture site. 
In most instances, the fracture line could not be obliterated completely, and it was neces- 
sary to fill the space with bone chips. 


limited union 

Limited union is defined as union occurring in fractures with loss of bone substance, 
in Avhich the consolidation takes place in a relatively small area of the fracture site, as 
seen in cross section; the fracture is thus fii’m only across a strut. The possibility of the 
eventual deposition of sufficient amounts of additional effective bone was considered to be 
remote, and the likelihood of subsequent refracture was considered to be groat. 

The nineteen cases of limited union in this series included ten tibiae, eight femora, 
and one humerus. 

The findings at operation almost invariably proved the need for operation in these 
cases. The bone defects were found to be filled with dense, adult-type fibrous tissue, in 
which the further laying-down of bone appeared to be highly unlikely. After excision of the 
scar tissue, the bone defect was seen to be much more extensive, as a general rule, than had 
appeared by roentgenographic stud}^. Particularlj'’ in defects which were spiral in character, 
roentgenograms usuallj'’ failed to demonstrate, in routine projections, the full extent of the 
deficienejL 

The operative procedure involved complete excision of scar tissue from all the ramifica- 
tions of the defect, freshening of the defect to raw bone, and filling it with bone chips 
from, the ilium or with a tibial graft fashioned to fit snugly. In two instances, it Avas neces- 
sary to complete the fixation of a tibial graft AAoth one metal screAV. 

There AA’ere no postoperatiA'^e complications in this group, and in all cases, approxi- 
mately normal bone caliber at the fracture site AAms restored. 

infection 

A total of eighteen patients in the entire series of 156 cases suffered postoperative 
infection, of major or minor degree, folloAA'ing bone-grafting (Table III). Of these infections, 
nine AA'cre scA^erc, causing failure of the procedure; six AA^ere moderate; and three AA'erc 
mild. Of the nine moderate and mild infections, the bone graft AA'as successful in spite of 
the infection in soA^eii cases, and the results are not knoAvn in tAvo. 

Tlie gravity of this complication makes pertinent an inquiiy into tlie background in 
the.^e cases. Eighty per cent, of the patients in the entire series had originally had com- 
povnAcl {viActvAYes, sustained m wartime in combat areas. Varying degrees of soft-tissue 
damage accompanied the bone injury, and the presence of bacterial contamination ma.v 
be suspected. More .specifically, sixteen patients showed frank ostcom_yelitis on admission; 
in these cases, sequestrectomy was performed at some time prior to bone-grafting. Nine 
l)ati('nls had had long-continued drainage from the fracture site; in them, some degree of 
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osteomyelitis was to be suspected. Eight of the postoperative infections after bone-gi-aft- 
f ing occurred in this combined group of twenty-five cases. (Table lY shows the outcome in 
this group.) 

There is considerable controversy as to the optimum time for bone-grafting in a. case 
of non-union with previous infection. Before the sulfonamides and penicillin were available, 
a conservative attitude was conventional; and a considerable length of time, usually from 
six to twelve months, was allowed to elapse after the wound had healed before operation 
was undertaken. Under penicillin protection, there has been an appreciable tendency to 
shorten the waiting period, and what now constitutes a reasonable and safe waiting period 
is far from clear. In the present series, the waiting periods have ranged from one to eight 
months; and, in a portion of this series, it is possible to study and record the incidence of 
infection after bone-grafting in relation to the waiting period. 

A sample group of seventy-two cases within the series lends itself to study; these were 
the only cases in which the record bore a notation of the exact date upon which a pre- 
viously draining wound was considered to be dry and healed, thus permitting a precise 
computation of the waiting period. Within this sample group, the waiting periods ranged 
from one to eight months. 

In Table Y is recorded the incidence of postoperative infection in waiting periods 
of vaiying lengths. Fifteen patients were operated upon after intervals of from one to three 
months; the rate of postoperative infection was 40 per cent, in this group. Thirty-nine 
patients were operated upon after a wait of from three to six months; the rate of post- 
operative infection was 20.5 per cent, in this group. Eighteen patients were operated upon 
after intervals of from sLx to eight months, with no postoperative infections. 

This series of cases is not large enough to justify definite conclusions as to the optimum 
waiting period which should precede bone-grafting in a case of non-union with pre\dous 
infection. At the same time, it is suggested that it may be unwise to allow penicillin pro- 
tection to replace unduly a waiting period of adequate length. The balance to be main- 
tained between these two factors may well be the key to success in operations for this tjqie 
of case. What may be considered an adequate waiting period in conjunction with penicillin 
coverage is not yet clearly established, and further studies of this nature will be needed. 
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BY G. "W. N. EGGERS, M.D., GALVESTON, TEXAS 

From the Department of Surgery, Orthopaedic Division, The 
University of Texas School of Medicine, Galveston 

The internal fixation of fractures has a definite, but limited, field of application in 
the treatment of fragment displacement. The closed method of treatment of fractures has 
been accepted as the most desirable, with splint, casts, or controlled traction to maintain 
the reduction. However, a certain number of fractures present problems, in the solution 
of which operative reduction and direct fixation of the fragments offer reasonable help. 

Improvement in operative technique and a better appreciation of the physiological 
reaction of the low-metabolic processes of bone permit a reasonable understanding of 
surgical fracture repair. The introduction of metals with decreased chemical or electrolytic 
reaction has improved the use of foreign material in the surgical treatment of fractures. 

The clinical and microscopic observations of fracture ends of fragments of bone have 
shown variable absorption of the fracture surface. The inactive area of devitalized bone is 
absorbed, which permits the viable bone of each fragment end to come into contact when 
proper reduction has been carried out. The contact is accomplished by the longitudinal 
muscle thrust in closed reductions. When direct contact of the fragments is prevented by 
any mechanical device, union of the fracture may be delayed or non-union may result. 
The clinical observation of a fractured tibia with an intact fibula has been an experience 
of many in cases of delayed union or non-union. Another observation has been the appear- 
ance of the line of absorption between the fracture ends of the fragments of bone, held in 
position b}'' the usual type of commercial plate. The immobilization is complete, and the 
plate actually keeps the fragment ends apart by a distance equivalent to the absorbed 
portion (Fig. 1). The result may be delayed union or non-union, and often the plate will 
bend or break (Fig. 2). By examining the fracture site, we can see bony union attempted 
or accomplished by those portions of the fragment ends actually in contact. 

In an effort to eliminate this factor of non-contact in many fractures on which plates 
have been used, and to reproduce the contact of the fragment ends as observed in closed 
reduction, the slotted type of plate was designed (Fig. 3). The plate is not applied to the 
fragment ends, as is the usual metal plate. Four screws are used in the slotted plate; the 
screws are applied as far distant from the fragment ends as possible and thus do not con- 
tribute additional trauma to the damaged area. In addition, the gliding slotted plate is not 
completely immobilized, nor is it loose. ActualljE it permits controlled longitudinal motion 
when the screws are not set tightly. Thus, the muscle tone which produces a longitudinal 
thrust on the bones is permitted to function and to maintain the fragment ends in constant 
contact during the recovery period. In this manner, the fragments are allowed to maintain 
the mechanical and ph 3 ’'siological apposition which is conducive to bony union (Fig. 4). 

Application of the slotted plate, which the author prefers to call the internal contact 
splint to emphasize the fact that it is not applied firmly to the bone, is technically not so 
difficult as plate immobilization. The surgeon does not have to apply oblique fixation 
sci-ew.s across the fragment ends of the bone or to struggle for perfect contact before placing 
sci’ews in both fi-agments. The splint is placed in the fractured area along the longitudinal 
axis of the shaft and the four screws are inserted, two on each side of the fracture site, 
with a space between the screws and ends of the slot. The fragment ends can then be 
placed in close contact. When anaesthesia ceases, the tone returns to the muscle, and the 

* Read at the .Annual Meeting of The .American Academy of Orthopaedic Surgeons, Chicago, Illinois, 
January 29, 1947. 
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Fig. 1 

Absorption of the fragment ends, twelve weeks after operative reduction. 



Fig. 2 

Plate has broken. Note pressure atrophy of cortex due to tight plate, lack of osseous activity adjacent 
to the plate, and attempted union where contact of bones is present. Screws were short, but provided 
sufficient security. 

longitudinal forces cause the ends to remain in constant contact during the healing period. 
If absorption of the fragment ends takes place, the deficiency is automatically obliterated, 
as in the closed reduction, and a mechanical and phj^siological situation favorable for 
union is created (Figs. 5 -.\ to 5-H, inclusive). 

The contact splint is useful in fracture of the shaft of a bone in an adult. 

The care after open reduction is supportive, as would be required in the same fracture 
by the closed method. Earlier mobilization of joints is practised, and muscle activit}' in 
the fracture area is initiated during the first week after operation. 

The extensive metal fixation of fractured bones is not physiological, and splinting is 
only a means to normal restoration of function. Supportive metal is not a substitute for 
the normal ph 3 'siological repair of 
bone. 

Some of the advantages of the 
contact splint are listed: 

1. The fragment ends are eas- 
il.v placed together in exact approxi- 
mation; the muscle pull will main- 
t.im the desired contact. Placing the 
MTews in the bone is. therefore, 
easier. 

2. Oblique fixation screws acro=s 
the fractured ends are eliminated; 



Fig. .3 

Four-inch and five-inch splints. Six-inch and lliree-inch 
sizes (one slot and two «lots) are aL=o u-cd 
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Fig. 4 


Splint applied, showing longitudinal motion permitted. This gliding motion must be pei'initted to 
continue throughout the entire period of recovery. The sci-ews sliould not be tightened. 

and tlie fragment ends d 
not I’eceive additional surgi 
cal trauma. 

3. Impaction of tlr 
fragment ends is not desii' 
able, phj^siological. or neces 
sary. 

4. Bone absorption o 
the fragment ends is auto 
maticall.y compensated fo 
by longitudinal muscle tone 
constant contact during thi 
healing period is thus ac 
complished. 

5. Fewer screAvs arc 
necessaiy for controlled fixa- 
tion; therefore, less bone 
trauma occurs. 

6. The splint is flat, and pressure on the bone and periosteum is minimal. 

7. Contact is accomplished AAuth the least mechanical difficulty bj" permitting longi 
tudinal motion in one or both ends of the splint. 

S. As the irregular fragment ends are held in contact bj^ muscle tone, the .stabilit} 
of the fracture is secure and torsion is controlled because the plate locks, due to phj^sica 
forces. 

9. There is less stress on the splint to break or bend it at the fracture site 
because the space betA\-een the fragment ends of the bone, due to absorption, iJ 
eliminated. 

10. Pressure in excess of eightj^ pounds has been applied I'epeatedly in the experi- 
mental laboratoiy to the long a.xes of bones, Avith no detrimental effect on the stabilitA 
of the fracture site Avlien the fragments are held in place by the splint. 



Roentgenogram of fracture, two weeks after injury. Traction and 
closed I'cduction have failed. 
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Fig. 5-B 

Operative reduction and application of splint. Traction on extremity shows longitudinal mobility of 
the fragments. 



Fig. .o-C 


Traction has been released, and fragment encF arc in contact. 

STABILITy' TEST OF INTERN.VL CONT.yCT SPLINT 

The internal contact splint results in a d 3 'namic accomplishment which can be under- 
stood more clearlj' if the following experimental procedure is carried out. thus permitting 
the surgeon a clearer appreciation of the principles involved: 

1. A laboratorj' bone rvith an artificial fracture is prepared, and the splint is placed 
in position on the bone as in an operative procedure. The screws should be just loose 
enough on both sides so that the bone can be separated and united (Fig. G). 
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Fig. 5-H 

Forty-two weeks after operation. Note union adjacent to splint, no atrophy of pressure, and 
union of the compact bone of the shaft, — the desired result. 

2. One end of the specimen is held in the left hand and the opposite end is pressed 
against the chest, in order to simulate the longitudinal force e.Nerted bj’" the muscles in the 
clinical case. As the pressure is exerted, an attempt should be made to move the splint 

^ with the right hand, ivith the use of some type of instrument by which longitudinal pressure 
can be placed on the end of the splint. It will be found that the splint is actually in a locked 
position, due to the equilibrium of forces (Fig. 7). This assures stability, because the bone 
itself is bearing most of the strain. In immobilization with a rigid plate, the plate and 
screws must bear the greater part of the stress. 

3. The second step of the procedure is repeated except that, before the fragment 
ends are pressed together, a thin piece of rigid metal is placed between them; then the 
longitudinal pressure is exerted. The intervening metal will be held in place b 5 - the pressure 
upon it. If the splint is checked, it irill be found to be locked (Fig. 8). I^Tiile the pressure is 
maintained, the intervening metal is pulled slowly; when the metal has been removed, the 
fragment ends will come into contact, and the splint again locks. This shows, even though 

• the stability of the splint is secure, that the longitudinal migration of the ends is never 
prevented; and contact of the fragment ends during absorption of the de\’italized bone is 
assured. Contact of the viable cortical bone is important, because its union is necessarj' 
for a successful recovery of the fracture. The low osteogenetic abilit}' of compact bone 







- 


Fig. 6 

Longitudinal mu'^clc pull the fragments to glide into contact, l»ocnu=<> thv w « nn* not tiglit 
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Fig. 7 

_ As the longitudinal pull holds the fragment ends together, the splint locks, due to antagonistic geomet- 
ric planes; thus the fractuie is stable. 



Fig. S 


An intci veiling sti ip is placed between the fiagment ends; the longitudinal pull locks the splint and, in 
this case, the metal sti ip. If the longitudinal tension is continued and the metal strip is slowly pulled 
out, the bone ends immediatelj' come into contact and the splint again locks. This .assuies continuoir^ 
longitudinal mobility with constant locking of the splint. 

requires close apposition of its viable elements for union. Irregularity of the fracture sur- 
faces, Avhen held together by the muscle pull, engage and control the rotary torsion. 

SCREW PL.VCEiMENT IX SPLINT APPLIC.VTION 

The application of the contact splint can be altered to accommodate the wishes of the 
operator. If there is an.v doubt in his mind that distraction ma}'^ occur, he may place the 
fir.st and fourth screws so as to touch the ends of the slots, and the second and third screws 
about one-quarter of an inch from the ends of the slots. Thus, the possible longitudinal 
migration of the fragments is onl}" toward the fracture line, because its screws ai'e not 
light. This may be desirable in the femur, humerus, and tibia, as illustrated in the upper- 
most diagram of Figure 9. 
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Four Scriios Ar£: Suff/c/int to Hoi£> th£ Fracture Securely' 


Four sC7-e\as, throughboth coriices 
screws / and^ placed apainsi 
end of slots. 2 and^ placed 
distant from end of slots ■ 
Longitudinal migmtion of 
fractured ends to contact OTily. 
No distraction. 




Four screws through both cortices. 
None touch ends of slots . Motion 
of Fractured ffagmenis longvbu- 
dincxlhf., 5atisfaciory method- 



four scTews through both coriices.The 
splint is bent to conform to bony surface, 
curved portion secure, longitudinal 
motion of prcocinrual fragment. 


Direction of motion permitted bj the splint 


Direction of motion permitted by 
longitudinal muscular pull 



Fig. 9 


The middle diagram shows the application of the splint, a longer longitudinal e.Ncur- 
sion being allowed than in the method described in the preceding paragraph. All four screws 
(not tight) are placed a slight distance from the ends of the slots. This method is quite 
secure and satisfactory for the femur, tibia, and humerus, and particularly for the forearm. 
When the radius and ulna are splinted, a splint is placed on each end; in the application of 
the second splint, if traction is desired for reduction, the pull can be applied with the assur- 
ance that the fragments first splinted will simply glide apart and then return to the cor- 
rected position, supported by the splint when traction ceases. Thi< feature is very helpful 
in increasing the ease of reduction and the application of .splints to the radius and ulna. 

The diagram at the bottom of Figure 9 illustrates the bending of the splint to conform 
with the curved surface of the bone. The curved portion is more stable if it is fixed firmlj- 
by placing the screws securely, permitting the gliding motion to occur in the area of the 
straight portion of tlie splint. The third and fourth screws are secure: the first and second 
screws arc not tightened: and the fragments glide together for contact. 
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Fig. 10 

Composite diagiam of complete seiial sections of fiactuie site, shouang the areas of 
devitalization. 


The important and necessary feature in the application of the contact splint is that it 
must allow longitudinal gliding of one or both fragments to assure constant contact. 

To test the mobility permitted bj^ the splint after application, anatomical traction 
must be applied before forceful sliding of the splint. The reason for this is that, when the 
bone fragments engage, due to the longitudinal muscle pull, the splint locks in position 
and, even though mobile, it will not move until the locking forces have been released. 

Another method to test longitudinal mobility is to place a blade between the ends of 
the fragments, separate them slightl}'-, and withdraw the blade; the fragments will then 
be approximated. 


Experimental Study of Fracture Sites 

BY WILLIAM H. AINSWORTH, M.D., AND NORMAN E. WRIGHT, AI.D , GALVfcSTON 

The experimental healing ol fractures has been studied and recorded many time-^, 
with emphasis upon the histological, biochemical, physiological, and clinical features. All 
of these studies indicate clearlj'^ that bone, a living connective tissue, possesses certain 
distinct characteristics which should aid in the clinical care of fractures. In this scries ot 
experiments, the microscopic or histological features of fractures were studied, the femora 
of large dogs being used as the bone of choice. These animals were divided into three group's 
of about ten dogs each. In the first group, a simple fracture of the femur was produced in a 
standardized manner in the anaesthetized animal; the dogs were sacrificed on the second, 
fifth, seventh, fifteenth, and twenty-first daj'’s. The second group of animals were sub- 
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Fig. 11 

Low-power stuclj’ (X 40) of fracture site, to demonstrate areas from which higher magnifications 
were made. 



Fig. 12 


Pliotomicrograph (X160) of cortex near fracture site, showing lacunae which have no cellular 
content. Haversian canals also demonstrate the dcxatalization. (Scctioncorre.-pondsto-JinFig. ll.i 

jectecl to the same tj'pe of fracture, but immediatelj' afterward the fracture site was 
opened and the two fragments were simph' exposed to the air; reduction was accomplished; 
and the wound was closed \dthout anj' attempt at fi.xation or immobilization. In the 
third group, after fracture and exposure of the fracture site, the ends of the fragments were 
traumatized directly b\' ten blows of insufficient force to cause shattering or splinterinc 
of the cortex. 
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Fig. 13 

Photomicrograph (X160) of coite\, showing devitalized cells inteiposed among living adult 
cells with noimal Haveisian systems. (Section coriesponds to 4 in Fig. 11.) 



Fig 14 


Photomiciogiaph (X160) of coite\, showing noimal living adult cells well beyond the fiactuio 
site, foi compaiison with Figs 12 and 13. Noimal cytology is picsent (Section corresponds to 
J in Fig. 11.) 


Eacli of the specimens removed was decalcified in hydrochloric acid and paraffin and 
mounted with serial sections through the fragment end, including the neighboi'ing soft 
tissues. 

The micioscopic studj" of the tissue thus prepared presented a pictuie which has 
lireviously been reported bj^Ham and others, but a further description ma3^be of interest. 
Attention was directed especialh" to the coitical portion; and, in the area adjacent to the 
fractuie, the numerous lacunae which normallj’’ house the mature adult bone cells were 
found to bo entirel\' devoid of cellular content. This observation has pieviousl.y been re- 
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ported, but the extent of the devitalization bears more careful observation (Figs. 10 and 
1 1). It was also found that the lining of the Haversian canals, consisting of a single lajmrof 
cells, called the endosteum, and a small capillaiy, had undergone marked destruction 
(Fig. 12). Thus it is felt that not only does the trauma necessary to a disruption of the 
cortex cause the death of the adult bone cells, but that a circulatory factor must be present 
as veil. 

Moving away from the fracture site, it was next noted that there was no definite line 
of demarcation between living and destro\'ed cells, but rather that the two zones blended 
together very gradually (Fig. 13). The first evidence of living tissue was found in the 
Haversian system nearest the marrow cavity, with a few normal adult bone cells in the 
adjacent area (Fig. 14). However, more destroyed cells were found farther away from the 
fracture site. The area of bone nearest the periphery of the cortex showed the most wide- 
spread devitalization. The highly cellular content of the marrow cavity did not show the 
destructive changes, except in that small portion at the fracture site; and here they were 
present not longer than forty-eight hours, because at this time the cellular changes of 
repair proliferation Avere beginning. The experimental fractures which Avere simple showed 
the least amount of cortical devitalization. The area A'aried someAA'hat. and an accurate 
measurement aa-rs not attempted because of the blending of the tAVO zones. Those fractures 
Avhich Avere compounded surgically, although sustaining no more trauma, shoAA'ed a much 
Avider zone of devitalization than the simple fractures. The most Avidespread area of 
destruction aa-rs found in the third gi-oup of animals, in AA'hich trauma had been applied 
directly to the fragments in compounded AA'ounds. 

Thus, in reality, when a fracture of any nature is reduced, devitalized tissue is placed 
against devitalized tissue; and the remoA'al of this must be accomplished in the phj^siology 
of healing before solid bony union occurs®. Although the fate of this inert cortical bone 
Avas not folloAved for more than tAA'enty-one days, it AA-as felt that this tissue enters A'ery 
actiA^ely into the healing process ^ by its local effect on the chemical composition and re- 
action of the hematoma and gi-anulation tissue. The drop® in pH during the first two 
Aveeks. and the relatively high calcium and phosphatase content of the bone and hematoma 
are certainly a result of this mass of cortical bone AA'hich has lost its blood suppljL As the 
circulation in the area is restored Avith the formation of granulation tissue and primaiy 
callus, the components mentioned are changed. 

Note: The authors A%Tsh to e.xprcss their thanks, for help receiA'ed in this work, to the Departments of 
.Anatomy, Pathology, and Medical Illustration of the Unix^ensity of Te.xas School of Aledieine; to the .Austenal 
Laboratories; and to Mi.«s Estelle Greenwalt. 
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DISCUSSION 

Dr. .Arthur G. D.aats, Erie, Pen'nsa'la'.ania: It is difficult to discuss a new instrument of this kind, 
because of the lack of criteria by which to judge it. We cannot look to the experimental laboratorj- to furnish 
enough evidence to evaluate the importance of the x-arious f.actors xxhich .seem to be of .significance in the 
process of osteogenesis at the fracture line. On the other hand, clinical evidence has been accumulated during 
the last thirty-fix’e years, including use of the L.anc plate, Sherman plate, and the refinement of metals to the 
final point of the Murray type of plating xx-ith Afitallium or some other inert metal. 

During the last twelve or fifteen x-ears, my oxxti experience xx-ith the Murray tx^ie of plating has been 
highly satisfactorx-. -As you all knoxv, the Murray procedure aims at a hair-line apposition, the complete 
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elimination of all motion, and the elimination of shear strain at the line of fracture. The plate is put on 
vertically and a screw or two transfixes the fracture line at right angles to the direction of the plate, in order 
to eliminate shear strain and other oscillations. 

Dr. Eggers’s method at first glance appears to neglect these seemingly important factors. Dr. Eggers 
sent me his complete paper and a contact splint for experimentation. At first I could not understand how thi.s 
plate could hope to eliminate the various kinds of stress encountered at the fracture line. In a transverse 
fracture, jamming the two fragments could eliminate shear strain; but in an oblique fracture, the impaction 
seemed impossible. Further study, however, showed that what actually happens with this adjustable plate 
mechanism is that, regardless of whether the fracture line is oblique, transverse, or irregular, the fragments 
become jammed the moment there is compression strain, as must inevitably be present as soon as the patient 
becomes conscious. Demonstrations on the skeletal specimen proved unconvincing. In order to visualize the 
manner in which the automatic adjustable mechanism works, one must assume the conscious patient and 
the fact that there is immediate muscle contraction; also the fact that all long bones are contained within a 
fascial compartment. The resultant of the total muscle contraction in kinetic energy, released in the fascial 
compartment containing the bone, must obviously be in the longitudinal axis, since most muscles contract 
parallel to the axis of the long bone. As the axial strain is imposed, the two main fragments slide toward each 
other as though mounted on a rack. As they become impacted, the horizontal elements of motion at the 
fracture line are also eliminated by the lateral and oblique thrust from one impaled fragment against the 
screw heads and plate ti'ansfixing the other main fragment. Thus it is clear that the contact splint has 
the potential of that highly desired state at the fracture line, — elimination of all abnormal motion. It also has 
the definite advantage of future adjustment or jamming in a case which has been badly done technically. If 
there is distraction \vith the ordinaiy plate, this distraction persists. The contact splint does not permit such 
distraction to persist. 

Dr. Eggers has described his operation in detail and has cited forty cases. He does not, however, cite the 
outcome in each case or state whether or not they are consecutive. Because of the success of the Murray 
technique when properly executed, I personally would be loath to abandon it for this new and as yet un- 
proved method. However, I am definite!}' interested in following the evidence, because of the sound principles 
involved. 

In this meeting we have had another corroborative piece of work, submitted by Dr. Phemister; this 
method is specifically for pseudarthrosis. Nevertheless, the same principles are exhibited in his work, and 
his very impressive results speak for themselves. If my interpretation of his method is correct, it is because 
of the compression strain, regardless of the graft, that calcification of the intervening fibrous tissue between • 
the bone ends is actually obtained in his cases. We believe that this happens because the shear stram is con- 
verted into a compression strain, just as it is by doing a Shantz osteotomy for non-union of the hip. Evidence 
such as this tends to underline the importance of compression strain as a factor in both bone growth and 
fracture healing, since it is always present and, in the normal conscious human, forms part of the natural 
environment of the growing bone or of the bone undergoing repair. What, then, do we need by way of evidence 
to pass judgment on this method? Evidence is only as significant as the number of cases involved, plus the 
fate ot each case in a consecutive series. If, for example. Dr. Eggers were to submit a consecutive series of 
one hundred cases, analyzed from the point of view of the patient’s return to his former occupation, time of 
structural union, incidence of non-union, delayed union, and foreign-body reaction, we could then hope to 
evaluate this new and promising method. I am definitely interested in this method, and hope to keep in 
touch with Dr. Eggers’ work as it proceeds. 

Dr. Alfred O. Adams, Spokane, Washington: A few years ago, when we were doing limb-lengthening 
operations, we devised a means of determining accurately the amount of lengthening that had been obtained. 

A metal ruler, through which drill holes had been placed, was fastened to the lower extremity at the time the 
roentgenogram was taken. The same principle could be used in fractures, where fixation with a slotted plate 
is used, to determine how much absorption of the bone actually takes place. 

This slotted plate could be marked as a ruler, in such a manner as to be recorded on the roentgenogram, 
and the distance between two screws, one in each fragment, could be measured soon after operation and at 
intervals until union occurred. 

The position of the screws would remain the same in the bone, and any change in the distance between 
these two screws would be due to absorption of the ends of the fragments. 

Du. IlAirOLD E. Crowe, Los Angeles, California; Wc have all seen roentgenograms in which internal 
fi.xation with various kinds of metal held the fractured bone ends apart. Following the normal absorption of 
fractured bone ends, a gap must necessarily appear, and the internal fixation results in maintaining separa- 
tion of the fragments. Wc have watched these metal plates bend in order that the bone ends, in their struggle 
to get together and produce union in spite of the interference of surgeons, might make contact and go on to 
union with important angulation. I am delighted that Dr. Eggers has had the courage to undertake this type 

(Continued on page 115) 
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In search of a better understanding of fracture of the femoral neck, the anatomj’- and 
mechanics of the upper portion of the femur were subjected bj’- the authors to a thorough 
studjL Most questions relating to the problem, although apparentl}-^ settled, were re- 
examined, Muth the result that we have revised our idews of both the generally accepted 
crane theory of weight-bearing in the hip region and the important anatomical factors and 
healing mechanism in fracture of the femoral neck. Both the mechanics and the physiologj* 
of the femoral neck depend upon a bonj’^ sj'stem within the neck, which has hitherto 
received little attention. 

The investigation took the following course : After dissection of the upper portion of the 
shaft and of the neck and head of the femur in normal specimens, and after roentgeno- 
graphic analysis, miscroscopic examination of each structure was carried out. As the next 
step, the mechanical implications of the findings were studied in living persons in different 
age gi’oups, by means of roentgenograms. 

On the basis of the anatomical study, the pathologj*^ of fracture of the neck of the 
femur was re-examined, with particular reference to the discrepancy between the rapid 
healing of abduction fractures, with little or no treatment, and the slow healing or non- 
union of adduction fractures, regardless of treatment. Furthermore, the mode of trauma 
was studied. In abduction fractures the trauma is almost invariably a fall on or compres- 
sion of the trochanteric region, while many adduction fractures, especially in the aged, 
are preceded by trauma which is seeminglj’’ insufficient to produce the injury. Thus in 
adduction fractures, some definite pathological changes in the femoral neck preceding the 
fracture had to be supposed, an assumption encountered both in the older and in the more 
recent literature This assumption has been confirmed b3’’ the present study. 

Finallj*^, a new surgical method was developed and applied. 

For the anatomical studj"-, the bone marrow of the upper portion of the femoral shaft 
and of the neck was curetted out, with onty light touches of the curette. After removal 
of the cortical shell of the anterior aspect of the femoral neck, the well-known trajectorj- 
svstem appears (Fig. 1 ). This consists of rather weak, spongy spicules, which jdeld easih' 
to the curette. When, however, from one-eighth to one-quarter of the thickness of the neck 
close to the head has been removed, the curette strikes a bon3'- structure almost as hard 
as cortical bone, roughb"^ quadrangular in shape, and composed of a large number of 
closeb' packed lamellae (Fig. 2 ). This structure seems to spring from the inferior cortex 
and to spread from it, tending to extend partL' toward the superior aspect of the cortex 
of the neck and partl3' toward the cartilaginous plate, where it terminates. 

To have a better understanding of the extent of the structure, the lateral wall of the 
upper portion of the femoral shaft was removed, from the region of the greater trochanter 
to below the level of the lesser trochanter (Fig. 3 -A). .A.fter the removal of the cortex, the 
spong3- bone was curetted out until the instrument met a structure which felt like cortical 

* This study was carried out under a grant of the Rcsearcli Committee of tlie New 3'ork Medical College. 

t Submitted for publication on Januar.v 27, 1947. 
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Fig. 1 Fig. 2 


Fig. 1 ; Frontal section of the femoral neck and head in normal specimen from an older individual. 

Aj Trabeculae of the internal weight-bearing system may be seen entering the liead. 

Fig. 2 : Frontal section of the femoral nock, after the spongy tissue has been curetted out. 

A: Proximal end of the internal weight-bearing system with cartilaginous plate. 

B: Supporting pillar for the internal weight-bearing system, arising from the upper cortical slicll. 

C: Cartilaginous plate. 

bone. When this bonj'- framework was followed toward the interior of the neck, it was found 
that it formed a bony septum, which apparentljr fused with the posterior cortex of the neck. 
It originated from the posterior and inferior aspects of the femoral shaft, two to four centi- 
meters below the lesser trochanter. Toward the neck it turned posteriorly and apparently 
fused with the posterior aspect of the neck, near its center. 

Beneath the postero-inferior Avail of the neck, both the origin and the proximal termi- 
nation of the bony system can be seen, AA'ith a cortical ridge connecting them (Fig. 4-A). 

If, howeA''er, the Avhitish cortical coA'-ering of the ridge is chiseled off, AAdiich ought to 
be done carefully, the true extent of the system is disclosed (Fig. 4-B). Underneath the 
cortical laj'^er of the connecting ridge, the same lamellar system is to be seen as throughout 
the course of the structure. It is then obAuous that AA^e are dealing Avith one uninterru'pted 
lamellar sj’’stem, running from beloAv the lesser trochanter to the region of the cartilaginous 
plate, forming the proximal anchorage of the sj''stem. This largely independent bon}^ frame- 
Avork is from ten to tAvelve centimeters long (Figs. 3-B, 5-A, and 5-B). 

EA'^en Avithout remoA^al of the cortical layer, in specimens representing a frontal section 
of the neck, the sj^stem ma}^ be recognized as clearlj'- of different structure from the cortex, 
continuous in its course, and of laminar nature. 

The system lines the inferior and posterior aspects of the neck. At the head it is 
strengthened a strong pillar, also of laminar nature, springing from the superior aspect 
of the neck and joining the s.ystem just before it enters the head (Fig. 2,B). Throughout its 
course, the system as a Avhole and each of its indiAudual laminae are enA'^eloped b.y bone 
marroAV. At and in the head it forms approximate^'’ the middle tAVo-fourths in both the 
sagittal and frontal planes, AA'hile the anterior and posterior fourths are formed b.y bone 
marrow embedded in delicate cancellous bony framcAvork (Fig. 6). 

The relationship ol the .system to the cortical tube of the neck is of great importance. 
It can be seen, both in specimens and roentgenograms, that there is a reciprocal relation- 
ship between the strength of this structure and that of the cortical shell. The .system is 
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Fig. 5- a 



Fig. 6 

Fig. 5-A: Specimen from an older 
individual. Inferior aspect of the 
corte.x- has been removed. 

A : Internal iveight-bearing system, 
extending from below lesser tro- 
chanter to head. Note laminar char- 
acter throughout its course. 

B: Inferior aspect of cortical shell, 
clearly separated from laminar in- 
ternal weight-bearing system. 

Fig. 5-B: Roentgenogram of specimen shown in Fig. 5-A. A: Internal weight-bearing system. 
B: Cortex. 

Fig. 6: Normal specimen after removal of parts of posterior aspect of cortex at the juncture of the 
head and the neck. Note the internal weight-bearing system as a massive cortex-like, whitish pillar, 
entering the head. 



weakest at its point of apparent fusion ivith the neck, where the cortical bone reaches its 
greatest strength; while at the point where the system enters the head in fanlike fashion 
the cortical bone is the thinnest, — as a matter of fact, it is hair thin at the juncture of the 
head and the neck (Figs. 2 and 7-A). The significance of this arrangement in the mechanics 
of weight-bearing and in the pathology of fractures will be discussed later in this study. 

After middle age the system starts to undergo slow resorption, beginning at its distal 
portion. At the same time, the cortical layer at the site of the apparent fusion of the 
structure with the neck gradually becomes thinner. In older patients the proximal portion 
becomes more brittle, the spaces between the laminae larger, and the number of laminae 
smaller (Fig. 7-B). In still older patients, around the ninth decade, the laminae at the 
distal portion of the neck appear to the naked eye as hardly larger collectively than one 
of the normal cancellous laminae. The bony structure, representing the cartilaginous plate 
of adolescence, graduall}" disintegrates and ceases to be the proximal point of anchorage 
of the system. After the dissolution of this structure, the laminar system continues directly 
to the articular cartilage of the head. 

Although the distal portion becomes partlj'^ resorbed, the .system is maintained 
throughout life. Wc have never failed to find it, even in the hips of patients close to one 
hundred years of age. 
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Fig. 7-A Fig. 7-B 

Fig. 7-A: Anteroposterior roentgenogram of the entire internal weight-bearing system, from below the 
lesser trochanter, in a younger indinclual. The laminae are closely packed as they enter the head. 

Fig. 7-B: Roentgenogram of the internal weight-bearing sj'stem in an older indi%'iduaL Laminae 
entering the head are nidelj' spaced and looselj' packed; individual laminae arc clearly seen. Site of 
cartilaginous plate is in a state of dissolution. 



Fig. S Fig. 9 

Fig. 8: Oblique roentgenographic view of the femoral neck. 

A: Internal weight-bearing system is represented as a triangular shadow, running from the lesser 
trochanter into the head. This form of the internal weight-bearing system is not uncommon. 

Fig. 9: Lateral roentgenographic view of the internal weight-bearing system. 

.4: Internal weight-bearing system skirting the lesser trochanter. 

li: Site of apparent fusion between internal weight-licaring system and posterior aspect of neck 


On the roentgenogram, the proximal portion is seen best on the anteroposterior view, 
the distal portion on the oblique and lateral views. The oblique and lateral views show the 
structure as a bony ridge or septum between the greater and lc.=.=er trochanters. Roent- 
genograms clearly show that the structure originates below the lesser trochanter, which it 
skirts from one to two centimeters anteriorly in its course toward its apparent fusion with 
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Fig. 10 

Specimen of neck and head of normal femur 
in an individual, eighty-four years old. In- 
ferior aspect of tlic cortical shell has been re- 
moved. Internal weight-bearing sy.stem is pre- 
served in almost its entire course. 

A: Greater trochantei'. 

/i; Lessor trochanter. 

C; Posterior cortical sliell separated from 
internal weight-bearing system. 

D: Distal portion of internal weight-bearing 
system, of dark reddish color. 

B: Prox'imal portion of internal weight- 
bearing .sy.stem, of whitish color. 

the neck (Figs. 8 and 9) . In advanced 
age the roentgenograms show that 
the system is composed of laminae 
throughout its course: furthermore, 
the proximal laminae gradually become more and more separated, less numerous, and 
more loosely packed (Fig. 7-B). Another phenomenon may be observed in old age. Al- 
though the entire distal portion of the sj^stem is normally of reddish color, from the site of 
its apparent fusion onward to its termination, in the aged the reddish color turns whitish- 
yellow without transition from one color into the other (Fig. 10). 

The microscopic examination, to be reported in detail in a forthcoming stud}'-, shows 
that the system consists of a large number of strong, spongy laminae with wide marrow 
spaces between them. It is endowed with a large number of bone cells and is lined "with 



Fig. 10 



Fig. 11-A 


Pliotomicrograph (X S) shows the internal weight-bearing system, tiaveising the bone marrow, as 
it approaches and reaches the site of apparent fusion with the cortex. Note rich laminar character, 
-t: Internal weight-bearing system tiaversing bone marrow. 

B: Site of fusion, — the weakest spot in the course of the internal weight-bearing .sj'stem. 
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Fig. 11-B 

Photomicrograph (X 100) taken from Fig. 11-A at B. Note the large number of cells, marrow spaces, 
and the endosteal lining. 


highly cellular endosteum (Figs. 11-A to 11-E. inclusive). Histologically, it is similar to 
the spongy laminae of the iliac bone. 

Reviewing the literature concerning the inner structure of the femoral neck, the 
authors found references to parts of the distal portion of the S3"Stem under discussion. 
In 1844, Rodet described a cortical plate at the lesser trochanter and called it “lame sous- 
trochantinienne” . Merkel called it “ Schenkelsporn” or “calcar femorale”; Bigelow, “the 
true neck of the femur”. Krause and Dixon refer to it as “Lamina femoralis interna”. 
Dixon followed the lamina from the lesser trochanter up to its merger with the femoral 
neck. All authors agree that the lamina disappears completelj' after middle age, although 
Bigelow believed he had seen traces of it in some specimens in old age. No histological 
examinations have been reported. The femoral spur, the significance of which none of the 
authors could disclose, is part of the structure under discussion. Its complete resorption 
in old age is normallj- onlj' apparent, not actual, as onlj' its cortical covering disappears, 
.and to the naked e.ve it does not stand out among the great numlier of laminae at the lesser 
trochanter. The roentgenogram and curettage reveal its presence throughout life. 

The significance of the bom" sj'stem in the interior of the femoral neck is threefold: 
(1) It is intimateh" connected with weight-bearing; (2) it is the chief source of bone repair; 
and (3) its transformation and partial resorption in old age comprise the main pathological 
factor preceding fracture of the neck of the femur, espccialh' in the aged. 

The mechanical implications of the s\'.stem will be reported in detail in a separate 
study. Roentgenographically. it can be demonstrated that the structure is the internal 
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Fig. 11-C 

Fig. 11-C: Photomiciogiaph 100), taken fiom Fig. 11-A at B, shows internal weight-beaiing 
system after it leaves the site of apparent fusion and spreads out toward the head. A large number of 
rndividual laminae, which had been separated from one another and later connected by means of inter- 
lacing laminae, may be seen. The spaces between the individual laminae were originally filled with bone 
marrow, washed out during preparation. Note the slender laminae as compared with the large inter- 
spaces, the large number of bone cells, and the endosteal lining. 

Frg. 11-D: Part of one of the laminae (X 600). Note the longrtudinal arrangement of rows. The 
endosteal lining at one place indents the lamina in a baylike fashion. 

Frg. 11-E: Individual lamina “sandwiched” between two wrde layers of bone marrow, offering 
abundant nourishment for the normal lamina and taking care of its unron after injury. Note the large 
number of cells on the laminar sui face, and also the uninter r upted endosteal lining of the lamina (X 100) . 

weight-bearing system of the neck of the femur, forming an angle of from 3 to 8 degrees ivitli 
the perpendicular during weight-bearing in youth and throughout middle age. 

Walkhoff, in an excellent roentgenographic study, taking a stand against the crane 
theory of Meyer and Culmann, called attention to the heavj'", spongy trajectories origi- 
nating at the cortical shell of the neck and ending at the joint cartilage. .He called them 
“ Trajektorieii der anfrechten Haltung” (trajectories of the erect position), and regarded 
them as spongy laminae which increased in strength as a result of Aveight-bearing. Al- 
though he failed to inquire into the anatomical nature of his roentgenographic findings, he 
proved his point to a great extent. He shoAved that the trajectories at the proximal end of 
the neck AA-ere completely missing in the primates and quadrupeds, and AA’-ere poorly repre- 
sented in the Neanderthal and Spy men. Walkhoff also found that, after the healing of 
fractures of the neck of the femur, only the dense trajectories running into the head AA'ere 
reformed, AA-hile the others failed to rebuild. His trajectories of the erect position are 
represented bj’’ the proximal terminus of the s 5 '-stem under discussion. Walkhoff’s con- 
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Fig. 12 Fig. 13 


Fig. 12'. Anteroposterior roentgenogram after successful shelf operation for congenital dislocation of 
the hip. {Courtesy of Dr. Leo Mayer.) 

A: Internal weight-bearing system below the shelf increased in strength and shifted to the vertical 
plane. 

Fig. 13: Lateral view of femoral neck of eight-year-old boy. Cyst replaces the spongy structure of the 
upper shaft and neck. The internal weight-bearing system is pi-eserved in its entire course. {Courtesy of 
Dr. Leo Mayer.) 

ception is correct according to our analysis (to be reported later), in which we resorted to 
the roentgenographic method of investigation of weight-bearing at the hip. 

In pathological conditions, when the mode of weight-bearing changes, the internal 
weight-bearing system always shifts to the line of weight-bearing. In subluxations of the 
hip and after shelf operations, for example, the system is greatlj’’ strengthened and shifted 
to the vertical plane (Fig. 12). 

In congenital dislocations, without a rigid plane of weight-bearing, the system is re- 
duced to a few laminae; in cases of ankylosis in which the weight is distributed all over the 
head of the femur, the system is scattered throughout the entire head. 

Concerning the crane theoiy of the hip, Koch remarked: “It will be seen that the 
trabeculae lie exactly in the paths of the maximum tensile and compressive stresses . . 
The authors doubt that any tensile stresses are present around the hip joint. The S 3 '^stem 
under discussion is a purely compression s^'-stem, and the authors have not observed an.v 
other trajectories serving weight-bearing and the changes thereof. In addition, there is an 
important ph 5 ’’siological fact, hardly compatible with the presence of tensile stresses; The 
epiphj'^sis of the femur would normally show slipping in everjf human being, if tensile 
stresses amounting to two or three hundred pounds arose at its site, as the epiphyseal line 
could hardl}’’ withstand such an enormous displacing force. 

Thus the bonj'’ structure under discussion appears to be the internal weight-bearing 
system of the neck of the femur, a compression system and apparentlj'- the only spongy 
structure in the femoral neck serving weight-bearing. Its physiological value is apparent 
in the case of cj^sts in which the entire spongy^ structure of the femoral neck has become 
resorbed, except that the internal weight-bearing system remains preserved, as an entitjb 
as does the cortical shell (Fig. 13). 

The role of the internal weight-bearing sj’-stem in bone repair can best be observed 
during the healing of fractures of the neck of the femur. Tveiiig a spongy^ laminar structure. 
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Fig. 14 Fig. 15 

Fig. 14; Lateral roentgenogram of an abduction fracture of the femoral neck, four weeks after injurj'. 
.4. Fracture line of the internal weight-bearing sj'stem at the end of the prcdmal cone. 

B: Fracture line of the cortical shell, along the neck. 

C: Fracture lino of the cortical shell at the juncture of the head and the neck. 

Fig. 15; Anteroposterior \’iew of abduction fracture of the femoral neck. Note that the laminae are 
bent onl}', and not broken, as in a greenstick fracture. 


!.\tremelj' rich in bone and endosteal cells, beset irith marrow spaces — the inditidual 
aminae, as it were, “sandwiched” between layers of bone marrow — it biologicallj' repre- 
sents the bonj" structure which shows the safest and speediest medium of bone repair 
imong all bony tissues (Figs. 11-A to 11-E, inclusive). The experiments of iMatti, Ghorm- 
ej”^ and Stuck, Dick, and others tvith grafts— taken in some cases from the iliac bone and in 
ither cases from the lateral aspect of the femur (the region crossed bj- the internal weight- 
bearing system) — proved the unique value of this type of tissue in bone repair.* 

The experiments of Bergmann with bird bones, which possess air holes in place of 
bone marrow, show the paramount importance of the endosteum. After the e.xperimental 
fracture of the long bones of birds, the examination of the healed fracture showed that 
the bon 5 ' ca^^ty, until then emptj^, was filled bvith endosteum, developed from the few 
endosteal cells apparentlj’^ indispensable in bone repair. 

All this implies that in fractures of the femoral neck, if the internal weight-bearing 
sj’^stem is strong and healthy and its fragments are in close apposition, speed\- and safe 
healing may be expected; while, if the internal weight-bearing system has undergone 
pathological changes, healing of the fracture with normal function is at least improbable. 
The pathological changes in fractures of the femoral neck seem to confirm this supposition. 

For the present study, eight specimens with fracture of the neck of the femur were 
available,— seven of them with ununited fracture of the femoral neck, and one with a 
healed fracture. Before examination of the pathological specimens, roentgenographic 
analysis of a large number of cases of fracture of the neck of the femur was carried out 
with special reference to the internal weight-bearing system. 

In the abduction fractures, it was noted that fracture of the internal weight-bearing 
system and of the cortical shell usually occurs at their weakest points. The internal weight- 
bearing sj’stem breaks around the middle of the neck; and the cortical shell, at the cendco- 
capital juncture. Therefore, a fracture plane results which is wedge-shaped at the distal 

• .Vt the proxim.il end of the humerus the roentgenogram reveals a system re-cmhling that under dL— 
cus,ston The iire'cnce of sueh a system may account for the speedy and safe healing of fractures in tin- 
region, frequently encountered even in the aged. 
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portion, where the separation of the internal weight-bearing system takes place; from 
there it runs parallel with the cortical bone, vertically broken at the point where the neck 

joins the head (Fig. 14). In many instances of 
. abduction fracture, one may see the internal 
weight-bearing system in the state of a green- 
stick fracture (Fig. 15). This may account for 
the rapid healing without treatment. The 
reason for the lack of displacement in such 
fractures, even if the internal weight-bearing 
system has been completely separated, is the 
possibility of impaction by dint of the great 
number of laminae, derived from the system, 
being pushed and hooked into one another. 
The fast heaYmg of such fractures results from 
the biological nature of the internal weight- 


riG.16 

Specimen of a healed adduction fracture of the femoral 
neck. Inferior cortical shell has been removed. 

A: Posterior wall of the neck. 

B: Anterior wall of the neck. 

C: Internal weight-bearing sj'stcm, in marked prolifera- 
tion and callus formation. 

D: Callus, originating from the internal weight-bearing 
system, bridging posterior and anterior walls. 

E: Callus, originating from the internal weight-bearing 
system, filling fracture line between head and neck. 

F: Remnants of eapsule, engulfed by callus. 



Fig. 16 




Fig. 17-A Fig. 17-B 

Fig. 17-A: Specimen of an ununited adduction fracture of the femoral neck, six weeks after injury. No 
distinct internal weight-bearing system can be seen. 

A: Posterior wall of the neck Is gicatly increased in width as a result of possible conversion of the 
internal weight-bearing system into cortical bone. 

B: Newly formed laminae, originating from distal fragment, closing off the distal fragment from the 
proximal one. 

Fig. 17-B: Anteroposteiior roentgenogram of same specimen. 

A : Cortical shell is greatly increased in width. No separate internal weight-bearing system can be seen. 

B' Baniina scaling off the distal fragment. 
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bearing system, as previously pointed out. Also in 
adduction fractures, the healing of the fracture is fast 
and uneventful, if the fragments of the internal 
rveight-hcaring system are in good apposition and the 
structure is of normal composition. 

The roentgenographic signs, in fracture of a hone 
with a normal internal weight-hearing system, are the 
following: The laminae are numerous; thej' are densely 
packed: the proximal fragment of the internal weight- 
bearing system is long: its end is blunt and not pointed. 
iSiaturally, the proximal fragment of the stmctiire has 
to be brought into contact with the distal fragment of 
that system. Distraction of the fragments of the in- 
ternal weight-hearing sj’stem may bring about non- 
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In fractures of hones with a normal internal 
weight-bearing system, the site of the separation of the 
structure usually does not coincide with that of the 
cortical shell. Almost all fractures belonging to this 

group are caused either by a fall on the region of the 

greater trochanter, or bj' the pelvis being caught in a 

vise or similar mechanism. Thej' are all crushing in- . • ^ - e -*11 

, ... f +1, f .-Vnteropostenor \aew Of ununited ad- 

junes and represent compression fractures ot tne temo- duction fracture of the femoral neck, 
ral neck Conelike proximal fragment eon- 

„ ‘ , .... 1 • I sists of the terminal laminae of the in- 

The tractures in which a novnci^i inteinai ueignt- t^mal weight-bearing system. 

bearing system is present comprise all abduction and 

“intermedial” fractures (those with marked recur\-ation at the site of fracture) and many 
. adduction fractures, to employ the sound classification of Per Linton. 

The specimen at the authors’ disposal with a healed fracture showed that the new- 
bone formation proceeded from the internal weight-bearing system. The system increased 
in volume and extent, crossed the cavity of the neck, grew into the cortical shell, and, 
forming what appeared to be cortical bone, penetrated into the head (Fig. 16). -A. portion 
of the capsule was engulfed by the new bone. The remnants of the capsule proved his- 
tologically to consist of fibrous tissue, leukocytes, and a large number of histiocj-tes. 

The specimens ndth non-union had all had adduction fractures. Only insignificant 
remnants of the internal weight-bearing system could be found in them, even in the two 
recent specimens. Thorough study revealed that the resorption of the internal weight- 
bearing system was not a simple disappearance of the structure. From the site of its distal 
anchorage, below the region of the lesser trochanter, the entire distal portion of the internal 
weight-bearing system had been transformed into cortical bone. The posterior aspect of the 
cortex became twice or more its original thickness (Figs. 17-.\ and 17-B). 

The separation takes place at the cervicocapital juncture, as is typical of this type of 
fracture of the femur; the separation line of the cortical shell and that of the internal 
weight-bearing .system are in the same plane. The proximal fragment of the internal 
weight-bearing system is a conelike structure which still contains many laminae (Fig. 18). 

Consideration was given the question of why the conversion of the internal weight- 
bearing system into cortical bone should affect only the distal portion of the system, and 
why the central portion should break atraumatically, as it were. The conversion of the 
spongj’ laminae into cortical bone takes its origin from the cortical shell. Wherever the 
internal weight-bearing system is closely apposed to the cortical shell, this conversion may 
be an easy process under certain pathological conditions preceding fracture (see Com- 
ment). The proximal portion of the internal weight-bearing .system, however, branches off 
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from the cortical shell to enter the core of the head in fanlike shape. After this deviatio 
it does not abut cortical bone, but is surrounded on all sides by bone marrow. 

Apparently at the point where the cortical shell ceases to support the internal weighi 
bearing system, a slow resorption takes place and the pathological separation occurs. Th; 
process may be preceded by the conversion of the bone marrow, surrounding the capitt 
and subcapital laminae, into fatty marrow, ivhile the rest of the system remains embedde 
in red marrow, as mentioned before (Fig. 10). Nowhere do spongy trajectories or lamina 
form the continuation of cortical bone; only the inner layers of cortical bone are forme 
everywhere bj’’ spongy tissue. This could hardlj'^ be the case with the internal weight 
bearing system. After the marrow deteriorates, the proximal end of the internal weight 
bearing system loses its blood supply and separates, because it has become the continuatioi 
of a system subject to a different mode of nutrition. Although the spongy structures drav 
their blood supply mainly from the bone marrow itself, the cortical shell is supplied chiefl; 
by arteries of the capsule and of the periosteum. After the bone marrow has disintegrated 
the distal end of the internal weight-bearing system, converted into cortical bone, is sup 
plied Avith blood, much as occurs in the rest of the cortical shell of the neck. However, n( 
adequate source of blood is present to supply the proximal spongy laminae; and, after th( 
reduction in their number and strength or after change in the character of the marrow sur 
rounding them, separation occurs. 

Thickening of the posterior cortical shell is one of the main roentgenographic signs 
preceding and accompanying adduction fractures of the aged. Other signs of equal signifi- 
cance are the following; The proximal fragment of the internal weight-bearing systen 
contains only a few more or less distinct laminae; the spaces between the laminae are large 
and the proximal fragment ends in a short cone, the end of which is a sharp point. Tin 
site of separation of the internal weight-bearing system and that of the cortical shell coin 
cide; both are to be found at the capitocervical juncture (Fig. 18). This is in contrast t( 
the findings in so-called abduction fractures. 

The trauma preceding the adduction fracture may be a fall on the region of the greatei 
trochanter, but this is not necessarily the case. Frequently, especiallj'^ in old people, sucl 
normal functions as sitting down, getting up, turning in bed, or simple slipping of the feel 
are the “injuries" preceding the fracture. Frequently one gains the impression that the 
fracture of the cortical shell occurred after the patient’s fall, and that the patient fell at the 
instant Avhen the proximal portion of the internal iveight-bearing S 3 ''stem had separated 
from its distal portion. The adduction fi’actures showing the signs enumerated, especially 
in the aged, appear to be closelj'^ related to pathological fractures. In reality, they represent 
a definite form of subcapital separation. Thus as regards etiology, there are two distinct 
t 3 ''pes of fractures of the neck of the femur: 

1. Compression fractures of the femoral neck, comprising all cases shoAving a healthy 
internal Aveight-bearing s3"stem, and consisting of abduction, intermedial, and also of ad- 
duction fractures. 

2. Subcapital separations AAuth subsequent fracture of the cortical shell, comprising 
onl 3 '^ adduction fractures. 

The prognosis and treatment of the tAvo types are fundamentally different. The com- 
pression fractures may heal in from four to eight AA’eeks, if the proximal and distal frag- 
ments of the internal AA-eight-bearing S3’’stem are in apposition and if care is taken in their 
fixation. A plaster bandage or Russell traction ma 3 ’- be used, but Avith Russell traction no 
more than four pounds should be applied, lest the fragments should separate. Nailing Avill 
hasten union and render the fixation safe, but the relatiA'^eb'- high number of cases A\fith 
necrosis and deformitA’^ after nailing is probabb’- due to the procedure. 

The subcapital separations, in order to unite, need such treatment as is capable of 
either replacement of the internal A\-eight-bearing S3'-stem or of its stimulation by biological, 
mechanical, or perhaps chemical means. 
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Mechanical means are employed in the procedures of naihng or drilling. Both seem 
to be able to act on the remnants of the internal weight-bearing S5’'stem in such a manner 
that the cells revive and multiplj% forming new bone. In addition, in several specimens it 
was found that new-bone production started from the remnants of the internal weight- 
bearing system, — not enough to unite the fragments, but sufficient to cover the distal frag- 
ment ndth a layer of new bone. This newlj' formed lamina seals off the distal fragment from 
the proximal fragment, excluding anj' possibilit3'’ of spontaneous union (Figs. 17 -A and 
17 -B). In this respect the drilling, -with its holes, and the nailing, ndth its large channel 
breaking through the separating lamina between the fragments, maj’- induce the spongj' 
laminae of the internal weight-bearing sj’'stem to grow into the proximal fragment. It 
should be emphasized, however, that no method has even a fair chance of producing union 
which disregards the fact that onlj" the conelike end of the proximal fragment is capable of 
adequate new-bone formation, as it contains the terminal portion of the laminar internal 
weight-bearing sj^stem. Consequentlj’’, the proximal fragment has to be brought into con- 
tact with the remnants of the internal weight-bearing S3"stem in the distal fragment, or, 
if the S3’stem be missing and replaced, with the spong3' surface of the graft. This contact is 
the main sign of good reduction. 

Naturall3’’ an attempt has been made to replace surgicalh' the internal iveight-bearing • 
S3’stem in fractures of the neck of the femur. The problem was to find and insert into the 
neck a bon3' structure sufficientl3’’ hard to maintain reduction, but at the same time con- 
sisting of bone, at least similar to that to be replaced, and capable of adequate new-bone 
formation in a relativel3’' short time. As the authors’ studies had shown that union of the 
cortical shell in fractures of the neck of the femur proceeds mainl3’’ from the internal weight- 
bearing S3"stem (Fig. 16 ), the former structure could not be relied upon as the means of 
bon3’’ union in the absence of a rich source of bone repair within its confines. 

The spong3’' structures of iliac bone are best suited for such a procedure but, being too 
soft, the3’’ would hardl3’’ maintain reduction. Therefore, the cortex of the femur just distal 
to the greater trochanter was used, a structure emplo3"ed b3' Matti in his experiments to 
prove the superiorit3’' of spong3" bone for grafting purposes. After long experimentation, 
from fifteen to twenty minute holes were drilled into the graft before it was removed. This 
allowed the spong3’- surface of the graft to gi’ow through the drill holes, and the host surface 
to use the same channels to engulf the graft, thus uniting with a speed of which onh' the 
spong3^ laminae are capable. The graft is now inserted frontall3q inth its broad periosteal 
surface facing the anterior wall of the neck. 

The graft was named the perforated or sieve gi-aft. As it was applied closeh' under- 
neath the cortical shell, resting, as it were, on the inferior surface of the neck, in analog^' 
of the onla3" and inla3' grafts, it was called a “subla3’- gi-aft”. Hence its name is “perforntcd 
(or sieve) sublay graft”. 

The technique and the results of the method will be reported soon. 

COMMENT 

The fast healing of abduction fractures cannot be e.xplained solel3' on the basis of the 
angle between the fragments and the vertical plane, as claimed b3' Pauwcls. Such frag- 
ments do not become displaced, apart from the angle, for the following reasons: ( 1 ) because 
' the internal weight-bearing system is similar to the bone in a greenstick fracture: ( 2 ) be- 
cause no tensile stresses are present at the hip region; and ( 3 ) because the internal weight- 
bearing S3"stem heals so fast that b3" the time the patient starts weight-bearing, bone repair 
in the interior of the neck might have proceeded almost to complete union. 

It also appears probable that the reason some fractures remain in the state of abduc- 
tion fractures is that the internal weight-bearing si'stem does not permit further displace- 
ment. Not the angle of separation, but the state of the internal weight-bearing .S3'stem, is 
the chief factor. The problem of abduction fractures is biological rather than mech.nnical. 
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One of the purposes of this study has been to arrive at a biological explanation of abduction 
fractures. 

By experimental testing, Kolodny found that, to produce a compression fracture of 
the femoral neck, an average of about 375 pounds are required; while Dixon found that to 
bring about a vertical break, from 1,800 to 2,500 pounds are required. This corresponds to 
a fall of 150 pounds of body Aveight from a height of twenty-eight feet. Therefore, it is 
conceivable that the neck of the femur may break when one falls on the side, crushing the 
femoral neck; but it is hardly conceivable that adduction fractures, especially of the aged, 
would occur as a result of the injury alone, when one takes into consideration the amount 
of impact required to produce it. 

As to the cause of the transformation of the internal iveight-bearing system into 
cortical bone in the distal part of the system, the work of David Greig might be referred to. 
According to this author; ''Restrict the blood supply and bone undergoes consolidation, 
increased densit 3 q osteosclerosis”. One is tempted to assume that arteiiosclerosis of the 
marrow A^essels, decreasing the blood supplj'' of the structures depending upon them, may 
lead to both the deterioration of the laminar system and the deposition of a new cortical 
la^mr on the marrow surface of the cortical shell. 

SUMMARY 

Dissection and roentgenographic analysis of the upper portion of the shaft and neck 
of the femur revealed the presence of a highly independent laminar, bony system, from 
ten to twelve centimeters long, which begins from two to four centimeters below the lesser 
trochanter and ends in fanlike fashion at the cartilaginous plate of the head. This proved 
to be the internal weight-bearing system of the proximal portion of the femur. 

This system undergoes slow resorption in its distal portion after middle age, but never 
disappears; and on the roentgenogram it can be seen throughout life from its distal to its 
proximal end. Microscopically, it consists of a great number of laminae and bone cells, and 
a rich endosteal lining. It resembles the spongy laminae of the iliac bone, — hence the speed 
A\ ith which it is capable of new-bone formation. 

Mechanically, the internal weight-bearing system is a compression S 3 ’’stem, and during 
weight-bearing it is to be found almost in the vertical plane. The presence of tensile stresses 
is doubtful. 

Preceding adduction fractures, the internal iveight-bearing system is resorbed and 
replaced bj'" cortical bone in its entire distal portion. Its proximal end remains spongy, Awth 
laminar character. The separation occurs at the site where the spongy proximal portion 
begins and the distal cortical portion ends. 

In abduction fractures, the internal iveight-bearing system suffers only trauma, but 
otherwise it is health)’- and strong. This explains the rapid healing of such fractures. 

On the basis of the anatomy and pathology of the femoral neck, two types of fracture 
maj’ be distinguished: (1) compression fractures, comprising the abduction, intermedial, 
and adduction fractures; and (2) subcapital separations, represented by most fractures of 
the aged. The prognosis of the compression fractures is good, if the fragments are kept 
in good apposition and fixation in plaster, in Russell traction, or by nailing. 

For the treatment of the adduction fractures, a method with a perforated (sieve) 
subla)’ graft has been developed. 

Notk: The authors wish to express their gratitude to Dr. James W. Benjamin, Professor of Histologj' 
at tlie New York Medieal College, for his interest and advice in the histological studies; to Dr. Frank J. 
Bonelli, Piofessor of Radiology at the New York Medical College, Flower and Fifth Avenue Hospital, who 
carried out the largo number of roentgenographic examinations and developed methods best suited for the 
ro('ntgenographic re present. at ion of the structures concerned; and to Mr. E. R. Ilajjar, photographer of the 
New York Modic.al College. 
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•HOMOGRAFTS IN ORTHOPAEDIC SURGERY ='= 


BY MYRON O. HENRY, M.D., MINNEAPOLIS, MINNESOTA 

A fairly large group of children and adolescents need surgeiy for various orthopaedic 
conditions in which excessive amounts of bone are required for grafting. A vast quantity 
of suitable bone maj’’ be secured from the relatives of the patient. Good results may be 
expected from the use of homografts; the danger of shock is less, and there is less disfig- 
urement of the patient. 

Wade reported successful grafting of bone fi-om another individual in an ununited 
fracture of a long bone nearly thirty-five ^mars ago. Recently, homografting has been 
practised quite extensively in battle casualties, and the satisfactoiy results obtained seem 
to warrant its wider use. Albee, Armstrong, Me.yerding, and others admitted the value of 
homografts long ago, but expressed preference for autogenous grafts. Time and experience 
have proved the superiority of the autogenous graft; but there are manj’- instances, espe- 
cially in children and adolescents, where enough autogenous bone cannot be secured. In 
children, the tibia is often too small, and sufficient bone cannot be I'emoved without dan- 
ger of injuring the epiphyseal plates. 1 he quality oi’ strength of the patient’s bone (whether 
tibia or ilium) may be inadequate. The additional shock from the removal of the graft is 
always to be considered; 

For these and other reasons, surgeons have searched for many years for substitutes 
for autogenous bone. Beef bone, ivory, and even cow horn have been used, but have 
graduallj'" been discarded. Os purum, os novum, and boiled bone have been used success- 
fully by Orell. Os purum has been used quite extensively in tliis country by Goff, who 
believes that it has a definite place in bone surgery and is a satisfactory material for 
grafting. His work shows that os purum seems to be tolerated by the host as well as autog- 
enous bone, but at the present time there is little or no os purum available in this country. 
Inclan and others have used preserved bone in patients in whom the operative risk was 
high, when it was inadvisable to use autogenous bone because of the extreme difficulty 
of acquiring it, oi- when the osteogenic power of the bone which was available was poor. 

* Read at the Annual Meeting of The American Orthopaedic Association, Hot Springs, Virginia, June 
28, 1947. 



Fig. 1-A Fig. 1-B 

Fig. l-.\; Ca'-e 1. Tlic patient wa*; a boy of seven j’cais, with a pieoperative diagnosis of giant-cell 
tumor of the fomui. The cavity was curetted and filled with autogenous chip grafts from the tibia. 
Fig. 1-R: Seven months after operation. The grafts are taking. 
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Fig. 1-C 



Fig. 1-D 


Fig. 1-C: Twenty-one months after operation. 

Partial recurrence after the use of autogenous chip 
grafts. 

Fig. 1-D; Two months after second operation. 

Cavity was curetted and filled u-ith chip grafts from 
the father. 

Fig. 1-E; Four months after second operation. 

Chip grafts from father are taking well. 

orld "W ar II has stimulated interest in pre- 
served bone grafts; and, at present, work is 
progressing in some clinics to establish banks 
of preserved bone. -\s soon as the danger of 
infection can be eliminated, the use of pre- 
served grafts will undoubtedly find a place 
in orthopaedic surgeiy. Boiled grafts and 
autoclaved grafts have long been used when 
grafts became contaminated in the operating 
room, and good results have been reported. 

Objections to the use of homografts have been made by some authors, who fear trans- 
mission of disease, incompatability of blood and Rh factor, or differences in sera. Boyd. 
Ghormley, and others who have used homogi'afts more extensively find no need even for 
matching blood, because very little blood is transplanted with the bone. Because of these 
and other reasons, homografts may not have had the wide application they deserve. The 
objections to homografting do not seem to be supported by clinical evidence. Theoretically, 
the closer the relationship of the donor to the recipient, the better the chances of success. 

In the accompanj'ing examples of homografting, all of the grafts have been taken 
from male relatives of the patient and are syngenesiopla'^tic grafts. The blood was matched 
in every case, but this seems unnecessaiy. Syngenesioplastic grafts are easily obtained in 
private practice from the father or brother, who is usuall.v willing to donate bone from 
the tibia or ilium. Most brothers consider the contributions little more than blood tran.'-- 
fusions. Syngenesioplastic chip grafts of cortical bone were used in each of the cases pre- 
sented. More recently. H grafts and chip homografts of cancellous bone have been em- 
ployed, and the results promise to be equally good. 

In benign, destructive bone tumors in children, frequently enough bone cannot be 
obtained from the patient himself, especially if the tumor recurs and more bone is needed. 
The opposite tibia can be used, but further recurrence may suggest the need of telescoping 
the bone or of looking elsewhere for osteogenic material. In such cases, the fatlier can 
donate the necessary bone (Figs. l-.V. 1-B. 1-C. 1-D. and 1-E). 
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In severe destruction by benign bone tumors, it may be technically impossible to 
excise the tumor thoroughly. If the tumor recurs, amputation or telescoping may be 
avoided by filling the new cavity with bone from a brother; and, should further extension 



Fig. 2-A Fig. 2-B 

Fig. 2-A: Case 2. The patient was a girl, eight j^ears of age, with a clinical diagnosis of hemorrhagic 
cyst of the tibia. Note relationship to epiphj^seal line. 

Fig. 2-B: Five months after operation. Cavity was curetted and filled with autogenous chip grafts 
from opposite tibia. 



Fig. 2-C 


Fig. 2-D 


Fig. 2-C: Ten months after operation. Partial recurrence took place following the use of autogenous 
chip grafts. 

Fig. 2-D: Two months after second operation. Cavity was curetted and filled with chip grafts fiom 
patient’s brother, aged seventeen. 



Fig. 2-E Fig. 2-F 

Fig. 2-E: Four months after second operation. Grafts are taking. Note that growth is continuing. 
Fig. 2-F: Shows beginning recurrence of tumor proximally, eleven months after homograft.s. 
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Fig. 2-G 


Fig. 2-H 


■Fig. 2-G: Two weeks after third operation. Ca\'ity was again curetted and filled with chip grafts from 
another brother, aged sixteen years. 

Fig. 2-H; Two years after third operation. 


Fig. 3-A 


Fig. 3-B 


Fig. 3-A; Case 3. A male infant, one month old, showed evidence of congenital pseudarthrosis of the 
tibia. Roentgenogram, taken at the age of .seven months, shows subperiosteal fracture. 

Fig. 3-B: Two 3 -ears after spontaneous fracture had been treated b 3 - plaster-cast immobilization. 


Fig. 3-C 


Fig. 3-d 


Fig. 3-C: Dual grafts from father have been applied, b 3 - the method of Bo\-d. 
Fig. 3-D: After six months, dual grafts are part of host. Fracture has healed. 
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Fig. 3-E Fig. 3-F 

Fig. 3-E: Refracture occurred eleven months later. 

Fig. 3-F: Roentgenographic appearance nine months after refracture. 


occur, bone growth and apparent cure may be possible by the use of grafts from a seconc 
brother (Figs. 2-A to 2-H, inclusive). 

In pseudarthrosis of the tibia, Boyd reported that: “Autogenous grafts are preferred 
but in children it is difficult to secure sufficient bone for a good onlay graft, and impossible 
to obtain enough for a dual graft”. This is verified by the author’s experience. Although 
dual grafts from the father maj’’ take well and may become a part of the host, such grafting 
will not prevent refracture in pseudarthrosis any better than autogenous grafting will: 
but grafting may be repeated at a later date, if necessary (Figs. 3-A to 3-F, inclusive). 

In structural scoliosis, spondylolysis, and spondylolisthesis, especially in young girls, 
a psychological factor frequently affects treatment. Many of these young patients resent 
operative scars on legs or hips, and often, to avoid the scars, prevail upon their families tc 
abandon the operation. In such instances, the homograft solves the problem. Brothers 
and other male relatives are often proud to contribute bone. Although autogenous grafts 
are considered to be better, there is a definite place for homografts. 

CONCLUSIONS 

1 . hen a sufficient amount of bone, or bone of proper quality, cannot be easily and 
safel}’’ obtained from the patient, the surgeon should consider sjmgenesioplastic grafts or 
homografts. 

2. The results with homografts — especially sjmgenesioplastic grafts — warrant wider 
use in certain conditions. 

3. To date, there is no factual evidence to prove that homografting, in selected cases, 
is not a sound surgical procedure. 

4. Greater experience with homografts may advance the art of orthopaedic surgery. 
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DISCUSSIOX 

Dr. Rufu.s H. Alldredge, New Orleaxs, Louisl\xa: Orthopaedic surgeon.s eveiywhei e will be indebted 
to Dr. Henry for calling attention to such a valuable, and heretofore rarely used, method of bone-grafting. 
This is an important subject, and there is no doubt that much more will be heard about the use of homogenous 
bone in the near future. 

Dr. Heniy has used homogenous bone chips in most of hi.s patients, because of the nature of the cases with 
which he had to deal. He has shown that they have served the purpose well. This is important, because it 
demonstrates that homogenous bone chips maj' be used as successfully as massive grafts of cortical bone. 

My own experience with homogenous bone grafts has been limited to the use of full-thickness cortical 
grafts and entire sections of the fibula, alone or in combination. This discussion will, therefore, be limited to 
the use of homogenous grafts of this tj-pe. 

Dr. Cahdn K. Terwilliger and I, while in the Armj', performed fifteen homogenous bone-graft operations 
on soldiere between March 1945 and March 1946. All of the patients had had at least one amputation, and 
two were double amputees. All had been wounded in action, and all grafts except one were done at sites 
where compound fractures had indicated the need for grafting. In eleven of the fifteen cases, loss of substance 
of the shaft of the bone was present, in addition to non-union. Two of the grafts were emplo 3 Td to extend 
the length of the humerus, in an effort to make possible the use of a prosthesis. Four others were used for 
non-union and loss of substance in the bones of amputated e.xtremities, to prevent reamputation at higher 
levels. 

The banes grafted were: humerus, five; ulna, four; radius, one; femur, two; and tibia, three. An entire 
section of the fibtda was used alone as an intramedullarj- graft in four cases. The intramedullarj' fibulae 
graft was reinforced \rith a massive full-thickness cortical graft in three cases. A massive cortical onlaj* graft 
was used alone in seven cases, and a double onIa 3 ' graft in one. 

The bone in each case was removed from the donor immediateh- before it was used on the recipient. 
’Cross matching or grouping of the blood was not done. The donor was examined carefull 3 ’ for s 3 ’philis and 
other serious diseases. The bone used was taken from amputation stumps below the knee; these were too 
long and would have been reamputated anywa 3 L 

In ten of the fifteen cases thus grafted \rith bone from another patient, the results were classed as excel- 
lent in ever 3 ' re.spect when the patient was last seen, a 3 'ear or more later. Three other patients obtained good 
healing, but, due to accident or undue carelessness and failure to cooperate, fracture of the grafts occurred 
after healing had taken place. Low-grade infections with drainage developed in the other two patients, and 
the grafts were lost. These two were the onR' complete failures. 

In no case could results short of perfection be attributed to the use of homogenous bone. In fact, the 
results were all that could have been expected from autogenous bone grafts. 

The implications of the successful use of homogenous bone are far-reaching. This is probabb’ onK- the 
beginning of renewed interest in, and full appreciation of the value of, homogenous bone. Further use of 
stored bone will be necessar 3 ' to determine finalR' whether a bone donor, in the ordinarx’ sense, will be ncces- 
sai 3 ' in the future in cases in which homogenous bone Is to be used. 

Dr. j. S. Speed, Memphis, Texxe.ssee: Dr. Henr 3 ' has showed us man 3 ’ interesting uses of homogenous 
grafts. Dr. Alldrcdgc, in his discussion, shows the advantages and value of this bone as a means of bridging 
defects and for non-union. The advantages to the patient, when homogenous bone is used, are obvious. 

The use of refrigerated bone, which has not been available before, opens up a vast field in reconstructive 
'',£urger 3 -. With the use of refrigerated bone and with the abilit 3 - to presen-e this bone in a more or less vital 
state, we are able to obrnate man 3 ' of the disadvantages that go with ma.ssive bone surger 3 ’. Theorctic.alh’, 
there should be no objection to the use of refrigerated bone. Our experience with it has coincided exaetb" 
with Dr. Hema-’s. Our conclusions with regard to homogenous bone, as compared with autogenous Ironc, are 
that there is vcia’ little difference. Perhaps there is more tendenc 3 ’ to absor])tion, and the homogenous bone 
resists infection less; otherwise the 3 ’ arc the same. 

Dr. Alrerto Ixclax, Havaxa, Cuba: We har-e been using preserved Ixine grafts for ten 3 ears, ;uid we 
have had almost 100 cases. Wo have been unable to stud 3 ’ the possibilities of frozen lione Iiecau'-e, on ac- 
count of the War, we were deprived of a freezing machine: but we are alread\- u-ing refrigerated Ikuic, kept at 
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2 degrees centigrade in an ordinary refrigerator. We are very pleased with its use in cases of spine fusion, 
where it helps to avoid shock and eliminates mortality, as Dr. Henry has mentioned. We have used a great 
deal of refrigerated bone for bone-grafting in fractures of the neck of the femur. 

When using homogenous bone, we have taken it from the donor under local anaesthesia and kept it in 
the refrigerator for one or two weeks, until we were ready to perform the second operation on the hip. In 
large defects of bone, when no autogenous bone was available, we have been able to use cancellous bone. 

I am sorry I did not know this paper was on the program, so that I might have reviewed my cases 
beforehand. 

Dr. Alan DeForest Smith, New York, N. Y.: My interest in this subject began about twentj' years 
ago, when a patient, eleven years old, had fragilitas ossium and an ununited fracture of tiie shaft of eacli 
femur in the upper third, with marked dcformit.y. It was obviously impossible to get bone from the patient. 
The child’s mother was admitted to the hosjiital, and I used a massive graft from one of her tibiae, which 
united well. Later I did the same thing on the other hiji. Subsequently, the patient was able to walk, and has 
had no further fractures. 

Later I did a similar operation in a case of fragilitas ossium, using a relative (the mother's mother). 
We have used homogenous bone in cavities left by cysts and tumors, and in congenital pseudarthrosis of the 
hip. During the last year we have had a bone bank at the New York Orthopaedic Hospital, with a freezer 
which is placed at minus 25 degrees centigrade. We have used the refrigerated bone in 100 cases and found 
it very helpful; there have been no bad results, and all were what we would expect from the use of fresli 
autogenous bone. 

These banks are being established all over the country. Dr. Alldredge told me that he had the first one 
at a British General Hospital during World War II. With homogenous bone, one shoidd be caieful to rule 
out infection. We do not use any bone for two weeks, and we are careful to eliminate syiihilis and malaria, 

I do not think blood typing is necessary. 

Dr. Henry has made a very imiiortant contribution and, with the jiqssibilit}' of ])re.ser\dng the bone by 
refrigeration, this method will have a much wider application than in the past. 

Dr. .1. R. Moore, Philadelphia, Pennsylvania: For the past six years, it has been our custom to 
employ a graft of os novum in the treatment of pseudarthrosis, particularlj’^ congenital pseudarthrosis. A 
graft of adequate length is removed subjieriosteally from the ilium or the tibia with the motor saw, lifted 
from its bed to make sure it is entirely free, and then replaced. The jieriosteum is closed, along with the 
subcutaneous tissue and skin, and the graft is left in place for eighteen days in a child and for four weeks 
in an adult. It is then removed and used as a self-sustaining bone graft. Fixation is obtained bj-^ double pins 
above and below in the fracture fragments, combined with plaster-of-Paris. These dela 3 ’ed grafts show 
microscopic evidence of new-bone formation about their surfaces, and there has been a marked increase in 
phosphatase over the normal at the end of the eighteen to twenty-eight daj^s. The regenerative power of 
these grafts appears remarkable. The use of homografts in a series of cases of congenital pseudarthrosis with 
a four-year follow-up will be reported shortlj'. 

Dr. Henry’s excellent presentation brings out clearly the possibilities that niaj’^ be expected from the use 
of homografts. Their usefulness should be kept in mind constantly. 

Dr. Myron 0. Henry (closing): I think you will find it much easier to get donors to contribute bone 
from the ilium. The cases I have presented were done five, six, and seven years before Dr. Phemister told tis 
about cancellous bone. Cancellous bone from the posterior portion of the ilium has the advantage that the 
flonor does all the bleeding and not the recipient, which reduces the danger of shock. 
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THREE THOUSAND FRACTURES AND DISLOCATIONS 
CAUSED BY PARACHUTE JUIMPING 


BY ^L\JOR ROY CICCONE AND CAPTAIN ROBERT M. RICHAIAN 
Medical Corps, Army of (he United Slates 


During the recent war j*ears, considerable surgical interest has centered on the injuries 
resulting from parachute jumping. Now that the military-training program has subsided 
almost to peacetime levels, it is possible to supplement the earlier papers on parachute in- 
juries -- with a more definitive report, covering more than 600.000 parachute 

jumps conducted by the Airborne School at Fort Benning. Georgia. The casualties incident 
to this training were undeniabh’ hea\'y; over 3,000 men were sent to the hospital nith 
fractures and major dislocations, while the sprains, contusions, and lesser soft-tissue in- 
juries were numerous almost beyond reckoning. A complete catalogue of the injuries 
would include such a confusing variety of lesions, some of them e.xtremely bizarre, that the 
list would be merely a statistical curiositj'. In order to achieve a proper perspective, 
therefore, this discussion will be de- 


voted only to the more tj'pical, recur- 
rent patterns of injurj' encountered in 
parachute jumping, vdth particular 
attention to the traumatic mechanisms 
involved. The survej" was facilitated 
bj' the fact that all orthopaedic casual- 
ties from the Airborne School were sent 
to the hospital and treated under the 
personal observation of the authors. 

The anatomical distribution of 
these fractures and major soft-tissue 
injuries is summarized in Tables I and 
II. As one would expect, the injuries 
showed a strong predilection for weight- 
bearing stmctures; the foot and ankle, 
leg, femur, and spine together account 
for 90 per cent, of the series. The rela- 
tive frequenc}' of certain injuries, how- 
ever, is different from that encountered 
in civilian orthopaedic practice. The 
series includes few fractures of the 
calcaneus and of the distal end of the 
radius, for example, although tradi- 
' tionally they are both associated with 
the trauma of falling. Fractures of the 
posterior tibial margin and multiple 
metatarsal fractures, on the other 
hand, are disproportionatel}’ prevalent 
among parachutists. The reasons for 
this unusual • distribution of injuries 
become apparent when one considers 
their special traumatic hazards. 



Fig. 1 

Photopraph of a parachutkt de.=cen(Iinp conxctl^. Notr- 
the seraiflexcd, spnnp>- attitude of the lep-, ■-o that hr- 
lands on his toes rather tlian on the hccL-, and ah-orh- the 
impact apaiiyt the elastic resistance of the muself.,. iPl,^ 
lograph by U. S. Army .lir Corp^.) 
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TABLE I 

Anatomical Distribution of 2,709 Fractures Due to Parachute Jumbing 


Location 


Number 


Per cent. 


Lower extremity 2,331 

Ankle 1,402 

External malleolns alone G35 

Posterior tibial margin alone 319 

External malleolus plus posterior tibial margin 218 

Bimalleolar fracture with fracture of the posterior margin of 
the tibia (the “trimalleolar” fracture of Henderson . . . 112 

Internal malleolus alone 99 

Bimalleolar 00 

Others 19 

Metatarsals (total) 38,") 

Sihgle metatarsal 90 cases 

Multiple metatarsals 103 cases 

Tarsals 180 

Talus 54 

Navicular 49 

Calcaneus 40 

Cuboid 27 

Cuneiform bones 4 

Phalanges 12 

'Pibia and fibula (shafts) 251 

Tibia plus fibula 125 

Tibia alone 27 

Fibula alone 78 

Tibial plateau (including tibial spines) 21 

Femur 30 

Patella 11 

Trunk 200 

Vertebrae (total) 108 

Single vertebrae 80 cases 

Multiple vertebrae 41 cases 

Pelvis 22 

Transverse processes of vertebrae 8 

Ribs 8 

Upper extremity 150 

Humerus 38 

Shaft 10 

Greater tuberosity 22 

Clavicle 35 

Scapula 0 

Olecranon 5 

Radius (total) 20 

Head 11 

Shaft 5 

Colles’s typo 10 

Carpals and metacarpals 20 

Phalanges 20 

Others 10 


80.0 


7 0 


5.8 


0.0 


'Potal . . . 


2,709 


100.0 


^lost parachute training in this country has been conducted from the C-47 airplane, 
the military counterpart of the familiar DC-3 commercial transport. The sequence of 
events in a tyjhcal parachute jump is as follows: When the plane approaches the di'Oj) 


Tin-: journai. of hone and joint siuioiaiv 



FRACTURES AND DISLOCATIONS CAUSED BY PARACHUTE JUMPING 


79 


TABLE II 

Major Sorr-TibsuE Injuries Due to Parachute Jumping 


Cerebral concussion 

Teal'S of knee ligament 

Abduction instability 8S 

Adduction instability 4 

Complete dislocation (anterior) 1 


Shoulder dislocations 

Acromioclavicular separations 

Elbow dislocations 

Dislocated head of fibula ... 
Separations of symphysis pubis 
Metatarsophalangeal dislocations . 
Metacarpophalangeal dislocations 
Carpometacarpal dislocations 
Tears of biceps muscle . . . 
Hip dislocation 


110 

93 


39 

23 

9 

S 

S 

s 

3 

2 

2 

1 


Total. . . 


306 


zone, it slows down to an air speed of 110 miles per hour; the jumpers stand read^': and, 
at a signal from the jumpmaster, they leap feet first out the door, in rapid succession 
(Fig. 16). As each man clears the plane, his parachute pack is ripped open automaticallj- 
by a static line attached to the plane; the silken canop 3 ’ unfolds, catches the air, and 
checks his fall with a violent but reassuring jar. This is known as the “opening shock’’. 
The jumper then floats down-wind, controlling his direction and drift to some extent bj' 
manipulating the “risers” overhead. He holds feet together, toes pointed downward, knees 
and hips slightlj’- flexed, as shown in Figure 1. The muscles are not tense, but are alert to 
absorb the shock at the moment of impact. The parachutist is taught to land on his toes, 
facing donn-wind so that the horizontal momentum carries him forward rather than back- 
ward. He makes no attempt to remain standing, but twists to one side like a tumbler and 
cushions his fall bj' rolling onto the muscular areas of the calf, thigh, buttocks, and back. 
He then throws off the parachute harness and is ready for action. 

Naturalh', a great deal of preliminar}'- training is necessayv in order to teach the 
novice how to bail out correct!}’’, control his descent, and land without injury. .A freezing 
fear of heights is instinctive in the untrained individual; he either lands stiff-legged and 
suffers a fractured heel, or lunges forward on outstretched hands and pays for this mistake 
with a fractured wrist. Parachutists are specifically trained to avoid these errors. .All 
phases of the actual parachute jump, from the opening shock to the landing impact, are 
simulated by special apparatus, so that ultimately the smooth follow-through to a cush- 
ioned-landing fall becomes an automatic response. 

Despite the most thorough training, however, there are certain inescapable hazards 
beyond human control, which magnify the risks of parachute jumping. Chief among these 
is excessive wind velocity. Jumping on a windy day is somewhat like leaping from the 
top of a moving train; besides the force of gravity, there is an additional horizontal drift 
that greatly increases the shock of landing. Furthermore, the wind invariably sets up 
“oscillation”, so that the jumper swings back and forth beneath the parachute like a 
pendulum and may strike the ground from an unpredictable and dangerous angle. Occa- 
sionally, jumpers drift together and become entangled, collapsing each other's parachute 
and falling the last fifty feet or so with great violence. Tree landings, rough terrain, and 
the opening shock also take their toll of injuries. Even with all of these “occupational" 
hazards, it is remarkable that the rate of over-all injury at the .Virbonie School during the 
past two years has consistently been less than one casualty per hundred jumps’*; and 
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TABLE III 

Injuries Due to External Rotation Plus Landing Thrust 


Location 

Injury 

Foot 

Dorsal dislocation of the toes 

Metatarsal fractures, multiple or single 

Compression fractures of mid-tarsal bones 

Ankle 

Oblique fracture of lateral malleolus 

Vertical fracture of posterior tibial margin 

Combined fracture of lateral malleolus and posterior tibial margin 

Diastasis of tibiofibular sjmdesmosis 

Bimalleolar fracture Avith fracture of the posterior mai'gin of the tibia 
at the ankle 

Bimalleolar fracture 

Solitary fracture of internal malleolus 

Various combinations of malleolar fractures with leg fractures 

Leg and knee 

Spiral fracture of shaft of tibia 

Oblique fracture of shaft of neck of fibula 

Combined spiral fractmes of tibia and fibula 

Dislocated head of fibula 

Tear of medial meniscus of knee 

Tear of medial collateral ligament of knee 

Thigh 

Spiral fractures of shaft of femur 

Fracture of neck of femur 


even this low figure is declining steadilj’-, due to constantlj’- improved training techniques 
and safety precautions. 

When one reviews the injuries listed in Tables I and II in the light of the clinical 
findings and history, it becomes evident tliat almost all of them can be attributed to only 
four recurrent traumatic mechanisms: (1) torsion plus “landing thrust”, (2) backward 
landing, (3) opening shock, and (4) violent vertical fall. These, Avith minor variations, are 
the main causes of injury in parachute jumping. It is proposed to explain these mechan- 
isms, discuss the underljdng traumatic stresses in detail, and illustrate the specific lesions 
for Avhich each is responsible. 

It should be admitted at the outset that the clinical evidence regarding traumatic 
stresses is largely circumstantial. Obviously, there is no opportunity to observe the acci- 
dents at first hand under controlled conditions. Also, the patients’ histories are notoriously 
inaccurate, and usually too vague to furnish any reliable information about the nature of 
the trauma. Some investigators haA^e attempted to analyze traumatic stresses on the 
cadaver, but the results of their experiments are not entirely applicable, since it is im- 
possible in the laboratory to duplicate all the complex muscle leAmrages, and the impact 
of the actual landing. In the absence of more direct eAudence, therefore, one is forced to 
rely upon clinical observations and to deduce the etiological trauma from the injury. 
Sometimes this is easy; the gross distortion of the limb may identify the stress. Soft-tissue 
SAvelling is also suggestive, especially early after injury, before it has had time to diffuse. 
The roentgenograms are particularly Amluable; the direction of fracture lines — oblique, 
spiral, or transAmrse — the displacement of fragments, impaction, comminution, chip 
fragments, and many other signs, all characterize the antecedent stress. The most charac- 
teristic and conclusive proof of the mechanism, hoAA'ever, is elicited in the course of treat- 
ment. At this time, one can test the fragments under anaesthesia, first carefully exagger- 
ating the distortion and then reducing it, and in this AA'a}" determine the forces Avhich Avere 
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Shows the mechanism of exTernal-torsion fractures and two classical fractures. The great major- 
ity of parachute fractures are of the external rotation or abduction tj^pe. 


responsible for the injuiy. Admittedly, the method has its limitations, but bt’’ integrating 
all the bits of evidence outlined, it is possible to recognize the underlying stresses of each 
of the traumatic mechanisms from the injuries thej’’ produce. 

TORSION PLUS “l.\NDING THRUSt” 

This is bj’^ far the most common mechanism of injuiy, since it represents an exaggera- 
tion of the forces normally encountered in parachute landing. As explained earlier, the 
parachutist descends vuth a downward and forward momentum, gravitj” and wind drift 
contributing, respectively, the main vertical and horizontal components. At the moment 
he strikes the ground, there is generated against his feet an upward and backward reactive 
thrust — which we call the “landing thrust” — and, in addition, various torsional stresses, 
due to uneven gi'ound and the ever-present oscillation. Under normal conditions, these 
stresses are not violent enough to cause injurj’-; the impact is transmitted through the foot 
and ankle and dissipated against the elastic resistance of the muscles and supporting 
structures. When the same landing stresses are exaggerated by unfavorable jumping 
conditions, however, they may exceed the physical tolerance of the body, disrupt the 
supporting structures, and produce a wide varietv of fractures, sprains, and dislocations 
(Fig. 2). 

In the list of lesions, e.xternal-torsion injuries far outnumber those due to internal 
torsion. Without a digression into detailed functional anatomx', it would appear that the 
supporting structures are more yielding in the direction of internal rotation, whereas they 
are more rigid and consequently more xmlnerable under the stress of external rotation. 
This is not an original observation. Ashhurst and Bromer have emphasized the statistical 
predominance of external-rotation injuries in their scholarly and well-documented study 
of ankle fractures. On the basis of our large series of injuries, it is proposed to extend .\.sh- 
hurst and Bromer’s conclusions and to show how external rotation, in combination with 
vaiying degrees of landing thrust, is responsible for a chain of injuries not only involving 
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the ankle, but also extending the entire length of the lower extremity from the toes to the 
hip. These injuries differ widelj^ in pattern, as well as location, yet all are related by a com- 
mon denominator, the same etiological mechanism. Some of the more typical injuries are 
listed in Table III. 

Naturally, the specific lesion in each case depends upon the relative intensity of the 
traumatic stresses. A predominant landing thrust, for example, would crush the mid- 
tarsal bones, or drive the talus posteriorlj'^ in the ankle mortise and split off the posterior 
tibial margin. Predominant torsion stress, on the other hand, would be likely to rupture 
the tibiofibular ligaments, fracture the distal end of the fibula, or cause a spiral fracture 
of the shafts of both tibia and fibula. Theoretically, one could postulate infinite combina- 
tions and permutations of the traumatic stresses, and hence an unlimited variety of le- 
sions ; but fortunatel}'’, the problem is simplified by the fact that the statistical distribution 
of injuries favors certain recurrent clinical patterns — "classical” injuries, so to speak — 
around which this discussion will center. 

External-Rotation I nj uries 

The oblique fracture of the distal end of the fibula has long been recognized as the 
prototype of this mechanism of injury. Its historical background and varied interpretation 
have been admirably described by Ashhurst and Bromer. It is an extremely common 
parachute injury; alone and in combination with other lesions, it is found in more than 
two-thirds of all our fractured ankles. The lesion is seen in Figure 3 as an oblique crack, 
extending from the anterior border’ of the lateral malleolus upward and backward across 
the tibiofibular syndesmosis to the posterior aspect of the shaft of the fibula. Often the 
fracture line is invisible in the standard anteroposterior roentgenogram, but it can be 
accentuated by reapplying the traumatic stress, — that is, by forcing the foot into external 
rotation. The foot then acts as a rigid lever, twisting the talus, which in turn crowds the 



Fig. 3 Fig. 4 

• ! '^’i solitary low oblique tracturc of the fibula is the mo.st common parachute fracture and, 

indeed, the most common ankle fracture, regardless of the circumstances of injuiy. In this case, dis- 
placement is neshgtble, and the fracture line could barclv be detected in the anteroposterior view. 

iMg. 4; Avulsion c nji fractum of the posterior process of the talus at the site of attachment of the 
postenor talofibular ligament. The fragment is sugge.stivc of an os trigonum. 
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Fig. 5-A Fig. 5-B 

An oblique fracture of the fibula, combined with tears of the deltoid and tibiofibular ligaments 
(as e\'idenced b 3 ' the subperiosteal chip avulsed from the lateral border of the tibia). Fig. 5-A, 
taken with the foot in the standard neutral position, shows verj- little widening of the mortise. In 
Fig. 5-B, the foot is being externalh- rotated and abdueted in order to demonstrate the latent 
diastasis. 



Fig. 6-A Fig. 6-B 

Eveiy sprained ankle should bo tested for instability. In Fig. 6-A, this injure might be accepted 
as an ordinaiy “sprained ankle”, with a chip axtilsed from the medial malleolus. MHien the foot is 
forced into external rotation, however, the mortise gapes mediallv, and the tibiofiliular cliastasi.s be- 
comes apparent. These arc serious injuries, with a high incidence of “wcak-ankle” disabilitr- and 
premature arthritic changes. 


lutcral mtilleoliis laterally and simultaneously pulls it backward, through tension on the 
posterior talofibular ligament. The combined push-pull stress on the fibula displaces the 
malleolus posterolaterally and widens the ankle mortise (Figs. o-A and 5-B). There is 
frequently a coexisting tear of the tibiofibular ligaments, which aggravates the tendency 
to diastasis. 

Since the lesion is produced by external rotation, it is only necessary to maintain the 
foot in slight internal rotation until healing is complete. Unfortunately, the customarv 
short-leg plaster boot often fails to do this. As the initial swelling subsides and the calf 
muscles atrophy, the boot becomes quite loo^e ami no longer protects the mortise against 
the spreading cftect of day-to-day torsional stre.sses. It is not surprising, therefore, that 
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occasionally one finds “healed” cases which display appreciable widening of the mortise, 
with all its attendant disability'^, even though the roentgenograms taken immediately 
after reduction demonstrated good position in the cast. The worrisome feature of these 
injuries is more the diastasis than the fracture itself; consequent!}'-, in those cases which 
show any tendency to diastasis, it would seem advisable to extend the cast up to the groin, 
so as to immobilize the knee in semiflexion and hold the foot securely in internal rotation 
until the mortise is stable. When callus can be demonstrated and when diastasis can no 
longer be elicited, it is safe to change to a short leg boot. 

The medial malleolus is also vulnerable to external-rotation stress, either as a solitary 
lesion or as part of a bimalleolar fracture. Ashhurst and Bromer are inclined to regard most 
solitary fractures of the medial malleolus as abduction injuries; but, while abduction 
doubtless plays a role through tension on the deltoid ligament, the present authors believe 
that the obliquity of the fracture line and the anterior displacement of the malleolar frag- 
ment (pointed out by Stevens) suggest primarily a torsion mechanism. In the light of our 
imperfect evidence on traumatic stresses, however, it would be presumptuous to draw a 
hard and fast line between abduction and external rotation. Strictl}'^ speaking, there is a 
distinction ; External rotation signifies an outward deviation of the point of the foot 
around the longitudinal axis of the leg, Avhereas abduction signifies an outward deviation 
of the sole around an anteroposterior axis through the mortise. In practice, however, the 
distinction becomes artificial, since these movements take place simultaneously and shade 
into each other so gradually that one cannot say where abduction leaves off and external 
rotation begins. They are functionally very closely related; indeed, Whitman used the 
terms synonymously. Clinically, one can recognize many more “pure” external-rotation 
than abduction injuries, and so we have included abduction stresses under this heading. 



Fig. 7 Fig. 8 

Showing a pair of external-rotation injuiies, — spiro-oblique fractuies of the lo^ver portion of the 
tibia and the upper portion of the fibula. Usually these occur in combination, although here they hap- 
pened to be sohtary fractures. 
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Ligamentous injuries clue to external rotation are verj' 
common, not onlj' as complications of malleolar fractures, 
but also as solitary lesions of major significance in their o^Yn 
right Two of the more important lesions are tears of the 
deltoid ligament and of the inferior tibiofibular ligaments. 

These structures are intimately related to the integrity of 
the ankle mortise; any widening of the tibiofibular syndes- 
mosis or lateral displacement of the talus is necessarily 
accompanied by disruption of one or both of these ligaments. 

Unfortunately, the extent of the damage, particularly in 
tibiofibular diastasis, is usually not apparent in the routine 
roentgenograms, since by the time the patient arrives at the 
hospital, with his boots off and emergency splints already 
applied, the diastasis has been reduced spontaneously, and 
there is nothing to be seen but soft-tissue swelling. For an 
accurate appraisal of the ligamentous damage, it is necessary 
to manipulate the joint under anaesthesia and to supplement 
the standard roentgenograms with special views to demon- 
strate any latent instability of the mortise (Figs. 6-A and 
6-B). 

Pure external-rotation injuries of the foot are uncom- 
mon, except for one interesting lesion. — a\TiIsion fracture of 
the posterior process of the talus (Fig. 4). This is caused by 
excessive tension of the talofibular ligament, a strong struc- 
ture that moors the fibula against the side of the talus. 

Under external rotary stress, this ligament, which itself is 
very resistant to injury, occasionally avulses its bony in- 
sertion to form a fragment resembling an os trigonum. 

Proceeding up the leg, we find that the tjTjical pattern 
of injury is a spiral fracture of the shafts of both bones, the 
tibia breaking at the juncture of the middle and lower thirds, 
and the fibula usually breaking in its upper third, or even 
through the neck (Fig. 2). This is a familiar lesion, en- 
countered in skiing, football, and many other sports; and 
the torsional etiolog>' is thoroughly established Indeed, 
the spiral pattern of fracture is characteristic of the failure of a brittle rod under torsion 
stress. If further confirmation of the mechanism were needed, it might be observed, during 
open reduction of the fractured tibia, that internal rotation reduces the fragments, whereas 
external rotation duplicates the original displacement. These spiral fractures, then, are 
ctiologically similar to the external-rotation fractures of the foot and ankle, except that 
the disruptive effect of the torsion is manifested at a higher level. 

Not all fractures of the leg involve both bones; occasionally the tibia alone fractures 
in the same characteristic location and spiral pattern (Fig. 7). Displacement in these cases 
is less severe than when both bones are broken, and the prognosis is much more favorable, 
since the intact fibula functions as an intemal splint. 

Isolated fractures of the fibula may occur anywhere along the shaft, or even obliquely 
through the head (Fig. S). They are often associated with a diastasis of the tibiofibular 
syndesmosis, as pointed out by Maisonneuve, who apparently never encountered such a 
combination clinically, but nevertheless predicted it as an external-rotation injury. Tlie 
presence of a high fibular fracture, therefore, should prompt the surgeon to examine the 
ankle for the other half of the combination. Generally, the ligamentous lesion at the ankle 
is minor, but sometimes it is so gross a dislocation that it completely overshadows the 
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Fig. 9 

Fracture of the upper third of 
the fibula with diastasis of the 
ankle mortise, a combination 
described by ^Iaisonneuve. This 
patient was not a parachutist: 
he fell from a ladder and landed 
sitting on the outer side of the 
left leg. The stress was c\idently 
external rotation plus abduc- 
tion. (Drawn from roentgeno- 
grams loaned by .Arthur Ixrida, 
Sl.D., Director of the Ortho- 
paedic Sendee, Believe Ho.spi- 
tal, New A'ork City.) 


Fig. 10-B Fig. 10-D 

Inj.uries due to “landing thrust”. The impact is transmitted thiougli tlie long axis of the foot and 
produces a chain of compression fractures of the mctataisal and taisal bones. The next vulnciablc 
structure is tlie posterioi tibial margin (sec Fig. 11). 

{ibular fracture, which may show in the roentgenogram as an unexpected finding (Fig. 9). 

External torsion is definitely a factor in the common meniscal and ligamentous 
injuries of the knee, and also in the rare dislocations of the head of the fibula 'k which, 
in the authors' opinion, represent simply a variant of the torsional fractures of the head 
and neck of the fibula. Most of the serious tears of the knee ligaments were due to abduc- 
tion stress during the opening shock, and will be discussed later in connection with that 
mechanism. Full}'’ half of the fractures of the femoral shaft also were caused b}^ the oj)ening 
shock; the remainder were attributed to excessively violent landings, although there was 
almost invariabl,y a spiral pattern, indicating an element of rotation as well. Even the neck 
of the femur is not immune to extei'nal-rotation stress. One encounters veiy few of these 
fractures in young men, but it is pertinent to recall Astle}'’ Cooper’s observation that they 
are due, not to a fall on the greater trochanter, as is so commonl}'- taught, but to outward 
rotation of the lower extremit 3 ^ They represent, therefore, the uppermost link in the chain 
oi e.xternal-rotation fractures. 

Landing-Thrust Injuries 

This stress has been elevated to the status of a primary traumatic mechani.sm by 
virtue of its prevalence in parachute jumping. Some of the resultant patterns in the foot 
are illustrated in Figures 10-A, 10-B, 10-C, and 10-D: dorsal dislocation of the great toe, 
fracture of the flexor sesamoid, impaction of the metatarsals, or crushing of the mid-tarsal 
bones, especially the navicular, which is frequently shattered by the hammer-like head ot 
the talus under the terrific impact of landing. 
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Fig. 11 Fig. 12-A Fig. 12-B 


Fig. 11; A solitarj- vertical fracture of the posterior tibial margin. Displacement i= characteri.=tically 
slight; any posterior dislocation of the foot i* almost invariably accompanied by a fracture of the fibula’r 
malleolu-s. (Compare irith Fig. 12-B). 

Fig.s. 12-A and 12-B; A pair of bimalleolar fracture? with fracture of the posterior margin of the tibia. 

In Fig. 12-B, the component of landing-thrust stre?? is more evident, and there i? frank po?terior di=- 
location of the foot. 

If the metatarsal and tarsal bones suiA'ive the force of the landing thrust, the next 
vulnerable structure is the posterior tibial margin, which receives the upward and back- 
ward impact directly from the talus and frequently splits off vertically a.? a triangular 
fragment (Fig. 11). Usually only a small portion of the tibial articular surface is detached, 
and since the ligamentous arrangement of the ankle is especially designed to resi.-t back- 
ward dislocation of the talus displacement of the fragment is generally slight. 

Solitaiy fractures of the posterior tibial margin were described as far back as 1909 by 
Meissner, rediscovered in 1915 as “Cotton’s fracture” *, and again reehristened during the 
IVar as the “paratrooper fracture” The authors feel that this term is hardh' justifiable, 
since the fracture is not unique among parachutists, but is apt to occur under any cir- 
cumstances when the body falls forward as well as downward ’■“. Although posterior mar- 
ginal fractures occur more often in combination with e.xtemal-rotation injuries, the fact 
remains that they do exist as isolated primarj' lesions, so there is little reason to ela.^sify 
them as a “variant” or “third degree”^ of e.xtemal-rotation fractures. They show none of 
the morphological characteristics of torsional injuries. The mechanism is evident ; Stevens’ 
designation of “impact splits” is accurately descriptive, although the term “landing 
thrust” maj" be preferred, since it suggests the specific direction of impact, and al.-o link? 
these injuries genericallj' with the impaction fractures of the metatarsal and tar.-al bone.-. 

Injuries of Exlcrnnl Rotation Plus Lnnrlinrj Thrust 

At the ankle, this mechanism is characterized by posterior marginal fracture.', com- 
bined with anj- of the Ic.sions produced by external torsion. All sorts of combinations and 
variations are possible, but the most common clinical patterns are the fracture.' of the 
lateral malleolus plus the posterior margin and the bimalleolar fractures with fracture of 
the posterior margin of the tibia (Figs. 12-A and 12-B). In contrast to the undisplaced 
fractures of the posterior margin. thc.'C multiple fractures are often complicated by 
posterior dislocation of the foot, since there i? so much di?ruption of the mortise that its 
inherent stability is destroyed. Xcithcr the bone? nor the ligaments can provide effective 
support. Even after reduction, the foot tends to .'ag backward under its own weicht. 
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Fig. 13- a 


Fig. 13-B 


Fig. 13-C Fig. 13-D 

More lateral displacement is shown here than in Figs. 10-A, 10-B, 10-G, and 10-D, indicating an 
element of external rotation in addition to the landing thrust. Multiple metatarsal fractures arc par- 
ticularly common, as .shown in Fig. 13-B. 

ngsravnted by muscle pull from the calf. This leads to a chronic posterior subluxation 
ot the foot, distortion of the tibial articular surface, and permanent arthritic disability. 
There is abundant literature concerning these injuries, especiall3^ the “trimalleolar” 
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TABLE IV 

Mechwism of Ixjuri EC 300 Axkle Fractures 


- 

Xo. of 
Fractures 

1 

1 Totals 

External rotation (including abduction) .... , 


t 

1 

Oblique fracture of low er end of fibula . . . 

12S 

1 

Oblique fracture of fibula plus fracture of anterior tibia! tubercle 

9 


Medial malleolus .... 

' 13 


Medial malleolus plus oblique fracture of fibula . 

' 13 


Medial malleolus plus comminuted fibula (abduction) 

t 1 


External rotation plus landing thrust ... ... 


1 S3 

Oblique fracture of fibula plus fracture of posterior tibial margin 

; 55 


Medial malleolus plus posterioi tibial margin . 

' 2 


Bimalleolar fracture plus fracture of posterior tibial margin 

25 

t 

Shafts of tibia and fibula (spiral) plus posterior margin 

i 1 


Landing thrust ... . . . 



Solitary fracture of posterior tibial margin 

1 

1 

I 

Adduction 

1 

, S 

Transverse fracture of lateral malleolus (excluding chip fractures) 

i 3 


Bimalleolar fractures . 

4 


Medial malleolus . 

1 


Vertical compression 

1 ! 

1 i 

2 

Extensive comminution of low er ends of tibia and fibula 

2 


Undetermined mechanism . . . 

i 


Total 

1 

300 


fractures*-. surgeons advise open reduction of the mortise and internal fixation of at 

least the medial malleolus and the posterior margin of the tibia; but whatever method of 
treatment is selected, reduction must be exact. It is essential to support the talus well 
forward under the tibia, and to secure an accuiate lealignment of the weight-bearing 
axes. 

jNIetatarsal fiactures (Fig. 1.3-B) form a notable group of injuries. Due to the special 
landing technique of parachutists, these fiactures aie much more prevalent than in civilian 
life, and in half of the cases there is more than one fractuie in the same foot. They show a 
characteristic doisolateral sheaiing and impaction of the metatarsal head^j. Occasional^', 
theie aie superimposed injuries, such as cuboid fractures or the unusual split foot (Fig. 
13-C), which confirm the “sidesviping” stiess of external lotation. 

In addition to the typical toision fractures of the leg. described earlier, theie are less 
fiequent transitional fractures, showing chaiactenstics of po«teiior thiust a« veil as of 
torsion. In some cases, a triangular fragment is detached from the posteiioi aspect of the 
shafts, in otheis, spiro-oblique fractuies of the tibia and fibula aie combined vith veitical 
fractures of the posterior tibial margin. The^^e combined lesions of the leg and ankle 
illustrate the fallacy of attempting to clas-ify fiactiiies accoidmg to their location rather 
than their undei lying mechanism. Trauma does not respect the arbitrary boundarie-' be- 
tween the foot, ankle, and leg We have alieady seen that the =ame stiess can pioduce 
multiple lesions at widely diffeient levels Furthermoie, a geographic classification in- 
evitably becomes involved and cumbersome. Consider, for example. Maisonneuve's 
fracture, — a diastasis of the tibiofibular syndesmo^i-- combined with a fracture of the upper 
shaft of the fibula. Is this primarily an “ankle” lesion or a “leg” lesion? Certainly the 
diastasis at the ankle is of moie serious consequence than the fractured fibular shaft. In 
an etiological classification, however, these anatomical consideration^ are of secondary 
importance, since both lesions fit into one category, — namely, external rotation. 
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Chart 1 



Fig. 14 


Chart 1: Distribution frequency of vertebral compres-sion fractures. Most of the fractures are con- 
centrated at the thoracolumbar juncture. (Fractures of the second cervical vertebra are all of the 
odontoid process.) 

Fig. 14: Roentgenogram shows fracture of the mortise, due to adduction stress. The medial malleohvr 
fragment is reminiscent of fractures of the posterior tibial margin. Both show a nearly vertical .split, 
indicating diicct thrust of the talus against the overhanging lip of bone. 


Adduction and Internal Rotation 

The most common result of adduction stress is the ordinary “sprained ankle”, 
that is, a tear of the fibulocalcaneal ligaments, often with a subperiosteal chip avulsed 
from the end of the fibula. Here, too, the important distinction must be made between 
partial tears and complete rupture of the ligament, since the presence of instability im- 
plies a totall}’- different treatment and prognosis. Adduction fractures of the malleoli 
comprise less than 3 per cent, of our ankle fractures. The}'- present a distinctive picture; a 
transverse fracture of the fibula at the level of the joint line, and a vertical split of the tibia 
through the medial angle of the mortise (Fig. 14). These fractures do not necessarily occur 
together; each has been observed as a solitaiy lesion. 

Internal rotation probably contributes to most of the adduction fractures, but as a 
pure stress it has not yet been correlated convincingly with any specific injuries. 

Summary 

In order to recapitulate our e.xperience with fractures of the ankle mortise, the au- 
thors have reviewed the last 300 fractures of the ankle; correlated the clinical, roentgeno- 
graphic, and operative findings; and tabulated the injuries according to the traumatic 
mechanism (Table R ). As explained earlier, this arrangement depends upon the interpre- 
tation of circumstantial evidence, and one must beware of straining such evidence too lar 
by postulating a theoretical sequence of trauma, or by intricate subclassifications, or 
tortured analogies with the laws of mechanics. The authors have tried to avoid these pit- 
falls of speculation. Table R merely groups the fractures under well-recognized mechan- 
isms, and it is with these mechanisms rather than with the minor variations in pattern 
that wc are primarily concerned. 
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Fig. 15 

Backward landings are dangerous. The parachutist’s feet are swept out from under him, so that he 
lands direoth’ on his buttocks; and the entire impact is transmitted to the spine. 


A comparison of this cross section of the series with other reported groups of ankle 
fractures indicates that it makes little difference whether the ankle is broken by falling 
downstairs, stepping off a curb, playing football, or parachute jumping: From the point of 
view of etiological stresses, the statistical distribution of fractures is much the same. There 
are certain minor variations, such as the high incidence of posterior marginal fractures of 
the tibia, and the relatively low incidence of vertical compression fractures in this series. 
These differences, however, are trivial; the fundamental point of similaritj' is the prepond- 
erance of external-rotation injuries. External rotation and abduction, taken together, 
account for 75 per cent, of the fractures reported b^' Ashhurst and Bromer, Stevens, Alor- 
itz, and Bishop, as well as the present authors. This cannot be mere coincidence; the figures 
are consistently too high, and they are independent of the source of the patients or the cir- 
cumstances of injury. One may reasonably conclude, therefore, that the vulnerability of 
the ankle to external rotation represents an inherent weakness of the joint. — either a local 
structural weakness, or else a lack of adaptive resiliency of the leg as a whole. This latter 
possibility gains support from the fact that not only the ankle, but the entire lower c.x- 
tremity. shows a statistical preponderance of external-rotation injuries. 

BACKWARD LANDI.N'G 

The second prime cause of injury among parachutists, especially among novice jumpers, 
is the backward landing. .-Vgain the hazard is oscillation; The jumper strikes the ground at 
the peak of a pendulum-like backswing; his feet are swept out from under him: there is no 
opportunity to roll or to cushion his landing; and he falls abruptly backward onto his but- 
tocks and head (Fig. 15). 

^’ertcbral fractures and craniocerebral injuries characterize this mechanism of injury. 

• Practically all the vertebral fractures arc of the compression type, tlic cancellous bone 
-being crushed anteriorly by violent hyperflexion of the spine. Almost invariably, the su- 
perior Mirface of the vertebral body is compre.ssed downward toward the inferior surface. 
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Fig. 16 

As they rush out tlic door, parachutists occasionally trip and fall with poor body position. This 
composite drawing, made from slow motion pictures, illustrates several faulty jiositions which can 
cause opening-shock injuries. The third man from the plane, for example, has spun around too far 
and will receive a violent jerk when his parachute opens. The fifth man has caught his left log in the 
suspension linos and will probablj' rupture the ligaments of the knee. 

Fractures are not distributed uniforml}'- throughout tlie spinal column. As indicated in 
Chart 1, the thoracolumbar segment is most commonlj'^ involved, particularly the first 
lumbar vertebra, and there is a secondary frequenc}'^ peak in the mid-dorsal region. 

One third of the cases show multiple fractures, not alwaj'^s in adjacent vertebrae. 
Paraplegia and dislocations were, fortunateljq quite rare in our series. The absence of cord 
damage made it possible to treat all the thoracolumbar fractures bj'' means of free h 3 '^per- 
extension between two tables, according to the Watson-Jones technique. We consider this 
to be the method of choice for securing full reduction (that is, re-expansion) of the col- 
lapsed vertebral bodies. 

Almost as potent a source of disability as the fractures themselves were the soft-tissue 
injuries of the spine, — the low-back sprains, herniated intervertebral discs, contusions of 
the coccyx, traumatic m.yositis, et cetera. It is difficult to assess the frequenc.v of these 
injuries. IMost parachutists are inclined to make light of minor injuries, and do not seek 
medical treatment unless they are practicalty disabled. Consequentljq hospital statistics 
do not give a true picture of the situation. As an estimate, however, there were probabl.y 
ten soft-tissue injuries of the spine for eveiy compression fracture. Most of them ma}" ap- 
pear trivial at first, but the sequelae are notoriousl}'' troublesome, and in man}’’ men chronic 
low-back pain developed which ultimately disqualified them from further parachute duty. 

Sometimes these backward landings are so violent that, even ivith the protection ot a 
special helmet, the parachutist is knocked uncomscious when his head slams against the 
ground. A survey of the hospital records revealed 110 cases of head injury, ranging in 
severity from a momentarily dazing concussion to cerebral laceration and fatal intra- 
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Fig. 1/-A 






Fig. 17-B 


Fig. 17- .V: Diiistasis of the s\niphysis pubis. Fig 17-B: Spiral fracture of the femur. 

Fig. 17-C: Rupture of the medial collateral ligaments of the knee 

-Vll of these opening-shock injuries are caured in the same wav: The parachutist’s left leg be- 
comes entangled in the suspension lines and, when the parachute open^: and mddenlv cliecks his 
fall, the shock i-- transmitted to the leg as a \nolent abduction stress. 
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cranial hemorrhage. Doubtless many others occurred; but, as with other soft-tissue 
juries, the milder cases were not reported, and the men recovered without benefit 
hospital treatment. Head injuries will not be discussed here, since they are prim; 
neurosurgical problems, pai’ticularly in view of the incidence of residual headaches 
other distressing sequelae. ► 


OPENING SHOCK 

As a mechanism of injury, the opening shock is unique in that there is no ec 
with the ground or Avith any other unyielding object; the damage is done in mid-air b 
sudden snubbing action of the parachute against the momentum of the falling bodjc 
likelihood of injury depends upon the position of the parachutist’s body at the moment 
parachute opens: If he has jumped from the plane correctly, the shock is well distribi 
by the harness and is absorbed with little discomfort; but if he dives, somersaults, or .‘f] 
into a vulnerable body position, the violent jerk of the parachute can be veiy dangerc 

There are two general types of injuiy: 

1. Whip-lash: Here the jumper is out of line with the tug of the opening panichu 
which flips him upside down with a sort of whip-lash effect. Relatively minor injuries a 
the rule, such as sprains of the neck, transient neuropathies of the brachial plexus ai 
ecchymotic brush burns over the clavicles from the slap of the “risers”. 

2. Siispcnsion-Line Injuries: Occasionally an arm or leg becomes entangled in ti 
suspension lines while the parachute is unfurling from its pack (Fig. 16). Before the jump 
can disentangle himself, the slack lines suddenl.y pull taut and wrench the extremitj' wii 
great violence, rupturing ligaments, muscles, and even the bones themsehms (Figs. 17-i 
17-B, and. 17-C). The magnitude of the stress is attested bj’- the fact that over half tl 
fractures of the humerus and 40 per cent, of the fractures of the femur were caused : 
mid-air by this bizarre mechanism. Even more common were tears of the medial collater 
and cruciate ligaments of the knee; over sixty-fiA'’e of these cases with frank instabilit 
have alreadj" been reported in some detail Other very serious injuries were encountere* 
such as dislocation of the shoulder (ten cases), diastasis of the symphysis pubis (three case 
as Avell as an additional case reported by Anderson), laceration of the perineum and re 
turn tears of the biceps and coracobrachialis muscles, and even amputation of a finge 
This last accident occurred when the suspension lines caught underneath a ring and avulse 
the entire digit. Opening-shock injuries will not be discussed further here, since thej'- ai 
primarily the concern of the militaiy surgeon; from an etiological point of view, thej'- hai 
no counterpart in civilian life at the present time. 

VIOLENT VERTICAL LANDINGS 

The American combat parachute assembly is designed to provide a normal rate of fa 
of twenty feet per second. This is subject to some variation, depending upon the gros 
Aveight of the parachutist and his equipment; but, if there is not too much ground Avind c 
oscillation, the landing impact is reasonably safe, — equivalent to that of a seven-foot droj; 

Unfortunately, hoAvever, the rate of fall is not ahvays so gentle. There are occasiomi 
mishaps, rather euphemisticall}’^ termed “malfunctions”, in AA'hich the parachute fails t 
inflate properl}" and the rate of A^ertical fall is accelerated dangerously. This can happen ‘ 
a number of Avays: The suspension lines may become tangled or fouled across the pan 
chute, a panel of the silken canopy may be ripped by the force of the opening shock, or th 
jumpers may drift too close together and, like sailboats, spill the air from each other’ 
parachfftc. 

Regardless of the technical details of the accident, the ultimate effect is th 
same: I'he normal parachute support is reduced, the landing impact is exaggerated fa 
beyond the structural resistance of the body, and extremely scA^ere and often spectacula 
injuries result. A few cases AA'ill serA"e to illustrate the general nature of the group: 
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Fig. 1&-A Fig. 18-B 

Both of these injuries are due to indirect violence. The high fibular fracture, the Ion- tibial frac- 
ture, and the spiro-oblique patterns of Fig. 18-A characterize it as a torsion injurv’. In Fig. IS-B, 
the transverse fracture lines, the comminution, and the fact that both tibia and fibula broke at the 
same level indicate that the injurv- was due to axial-compresrion stre.=s. This is the pattern seen in 
the violent vertical landings. 

Case 1. This patient became entangled with another parachutist in mid-air. Tlie following injuries 
p.sulted: (a) compre.«sion fracture of the first lumbar vertebra; fb) fracture-dislocation of the bodv- of the 
mirth lumbar vertebra; (c) comminuted fractures of the shafts of the left tibia and fibula; fd) multiple frac- 
ures of the pelvis, involving the right acetabulum and left pubic rami; fe) multiple fractures of the right 
arsal bone.s, including the talus, superior border of the calcaneus, the navicular, and the head of the fifth 
netatarsal; and ff) cerebral concu'.sion. 

C\se2. a delayed parachute opening was responsible for <a) compression fractures of the first and second 
umbar vertebrae; (b) transverse fractures of the shafts of the left tibia and fibula (Fig. IS-B); and (c) com- 
linuted fracture of the mid-shaft of the right fibula. 

CvsE 3. A violent landing, of undeternuned cause, produced (a) compoimd fracture of the .'haft of the 
right femur, and (b) simple fracture of the shaft of the left femur. 

Case 4. This man became entangled with another parachutist in mid-air, and sulTered the following in- 
juries; (a) comminuted intertrochanteric fracture of the left femur, and rii) comminuted fracture- of the 
shafts of the left tibia and fibula. 

These injuries have little in common, except that they are multiple and involve the 
major weight-bearing stnicture.s. especially the long bones and vertebral column. Many of 
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the vertebral fractures are apparently produced by violent “jackknifing” into a squatting 
position, instead of a simple fall onto the buttocks. Some of the fracture patterns due to 
vertical compression are fairly distinctive. The tibia and fibula, for example, do not show 
the smooth spiral patterns characteristic of torsion fractures; instead, the bones break 
transversel}^ at the same level, usuall}’' with extensive comminution (Figs. 18-A and 18-B). 
Occasionally^ the lower end of the tibia is shattered completely in a T or Y fashion, but this 
does not occur so frequently as one might expect; a more common lesion in this location is a 
simple impact split of the anterior tibial border Another favorite lesion is a transverse 
shearing fracture through the neck of the talus. 

Remarkably few fractured heels were encountered. Most of those listed in Table I 
were minor cracks or chips, rather than the severe compressions that one Avould expect 
from such violent landings. No doubt this is due to the fact that parachutists are trained 
to land with the legs semiflexed and springy, as shown in Figure 1, which permits the im- 
pact to be absorbed in the muscles and so spares the calcaneus from the crushing effect of a 
stiff-legged fall. 

It would be interesting from a biophysical point of view to calculate the velocity and 
inertia of these accelerated landings, in order to formulate some values for the stress toler- 
ance of the human body Unfortunately, however, there are so many indeterminate fac- 
tors in parachute jumping — the nature of the terrain, the vagaries of wind, oscillation, and 
malfunctions, as well as the skill of the jumper — that an analysis of quantitative stress is 
out of the question. One must be content with a qualitative recognition of the mechanisms 
of injury. For all clinical purposes this is enough, for it is the nature of the trauma more 
than the degree which determines what kind of injuries will be produced. The mechanism 
of injury is fundamental in the study of trauma, and it is on this basis that fractures should 
be classified. Such a classification transcends the accidents of circumstance, simplifies the 
innumerable variations of pattern, and provides the key to intelligent treatment. 

SUMMARY 

1. This survey describes a series of 3,000 fractures and major soft-tissue injuries' 
resulting from parachute jumping, with particular reference to the traumatic mechanisms 
involved. 

2. Almost all injuries involve weight-bearing structures. The distribution and patterns 
of injury are generally^ similar to those encountered in civilian orthopaedic practice; yet 
there are certain minor statistical differences which are related to the peculiar stresses of 
parachute jumping. No injuiy is specific enough to be called a ty'-pical parachute lesion. 

3. Almost all the injuries of parachute jumping can be attributed to four basic trau- 
matic mechanisms; 

(a) Torsion plus landing thrust. This is by'' far the most common mechanism of 
injuiy and is responsible for a chain of related injuries, extending from the toes 
to the hip. 

(b) Backward landing. Vertebral compression fractures and head injuries charac- 
terize this mechanism of injuiy. 

(c) “Opening shock” is a mechanism of injury peculiar to parachute jumping. 
The violent abduction stress causes many ligamentous tears and even fractures 
of the extremities. 

(d) Violent vertical landings. Occasional parachute malfunctions increase the 
landing impact and cause severe multiple fractures of the legs and spine. 

4. One-half of all parachute fractures involve the ankle mortise. Various authors re- 
port essentially the same statistical distribution of fractures as in the present study^ 
although the source of the patients and the circumstances of injury'- are all different. The 
most prevalent mechanism of injuiy is external rotation which, together with abduction, 
accounts for approximately^ 75 per cent, of fractures at the ankle. 
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5. The entire lower extremiU'- shows a preponderance of external-rotation injuries. 
This would imply a structural weakness of the limb as a whole, — a lack of adaptive resil- 
iency to the stress of external torsion. 

6. A classification of fractures based on etiological stresses is much more reasonable 
and useful than one based on anatomical location. Recognition of the etiological stresses 
not only relates apparently dissimilar fracture patterns, but also provides a rational ap- 
proach to treatment. 

Note: The authors \rish to express their appreciation to Bernard Ryan, M.D., and to Captain Danvin 
lutch, U. S. Army, for technical adduce in the preparation of this paper: and also to Mr. Erich Layer, who, 
while a prisoner of war, made the drar\-ings for Figures 2, 15, and 16. 
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STYLOIDECTOMY OF THE RADIUS IN THE SURGICAL TREATMENT 0 
NON-UNION OF THE CARPAL NAMCULAR 

A Preliminary Report '' 

BY LEONARD BARNARD, M.D., OAKLAND, CALIFORNIA, AND SAM G. STUBBINS, M.D., 

CLEVELAND, OHIO 

During the past two decades the diagnosis and treatment of recent fractures of tli 
carpal navicular have been freely discussed and, in large degree, standardization of man 
agement has resulted. Unfortunately, this is not true of the large group of patients ivli 
present non-union Avhen first seen. For the treatment of this latter condition, there ai 
advocates of excision of the bone, bone-grafting, and wrist fusion Bbhler states thatli 
has never seen a normallj'’ functioning wrist after complete excision of the navicular; tli 
authors agree with him in condemning this approach to the problem, although admittin 
that small fragments should be excised. Wrist fusion has its place, but it should be reserve 
for the veiy severe cases of late arthritis. The more recent reports®-® show the trem 
definitelj’^ and logically toward bone-grafting as the best solution. The type of bone-graftiii 
preferred is an autogenous implant through a drill hole or holes. The older method o 
treatment hy drilling resulted in too man3'^ failures and has been largel3'' abandoned. 



Fig. 1 

Note the marked degenerative changes about the styloid process of the radius in this case of 
old ununited fracture of the navicular. 


The role of the styloid process of the radius in fractures of the carpal navicular ha 
been given attention b3'’ a few authors. Schnek pointed out that a large st3doid proces 
predisposes to this fracture. Others feel that the process acts as a fulcrum, over which th 
waist of the navicular is compressed when it receives the force producing fracture. Pro 
nounced degenerative arthritic changes about the radial styloid are commonl3^ observed ii 
old cases of non-union of this bone (Fig. 1). This we believe to be the result of increase! 
strain thrown upon the radial collateral ligament of the wrist at its styloid attachment 
plus the trauma of abnormal movement of the distal fragment against the process when i' 

* Read at the Annual IMccting of The American Academj- of Oithopaedic Surgeons, Chicago, Illinois 
.January 29, 1917. 
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Fig. 2-A 


Fig. 2-B 


Fig. 2-A; F. D. This patient had a malunited na\nc- 
ular, which impinged against the radial stjdoid on 
flexion of the ladius, limiting motion and causing pain. 

^ Preoperative film shows the malunion, mth definite 
impingement of the navicular against the styloid 
Fig. 2-B: After removal of the styloid, both the 
motion and the symptoms were definitely improved. 

Fig. 3; Schematic drawing of procedure. The styloid 
process is excised and used for indwelhng graft. 

moves with the distal row rather than with the 
proximal row of carpal bones. 

In radial flexion of the VTist joint, the 
navicular slides ulnarward along the slanted 
concave surface of the distal end of the radius. 
In so moving, it tilts anteriorly on its long axis, 
so that the tuberosity of the navicular moves 
anterior to the radial styloid. Slight motion of 
the wrist in the presence of fractures of the 
navicular waist causes the two fragments to 
move independentlj’^ of each other. The distal 
fragment butts against the styloid of the radius, 
moving more with the distal row of carpal 
bones; while the proximal fragment, being 
adherent through the capsule to the lunate, 
moves in a different plane with the proximal row 
of carpals. This mechanism produces a shearing 
stress at the fracture line, and is as large a factor 



in non-union as the known avascularity of this bone. 


The observation that a normally functioning wrist joint followed wounds wliich 
caused avulsion of the radial styloid, as well as the finding of marked displacement of the 
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process without discomfort in fractures, led to the consideration of sacrificing it surgically 
The authors’ first case (Figs. 2-A and 2-B) was one of a malunited navicular with definih 



Fig. 4-A Fig. 4-B 


Fig. 4-A: J. H. Patient sustained fractuie of navicular in a fall in August 1942. Bone-pegging and 
radial styloidectomy were cairied out in September 1945. The patient was immobilized m a circulai 
plaster for eight months before solid bony umon took place. Film shows wiist before opeiation. 

Fig. 4-B: Postoperative loentgenogiam, showing result of imnimum styloidectomy. Coitical bone 
iiom the tibia was used to form the bone peg employed in fixation. 



Fig. 5-.\ Fig. 5-B 


Fig. 5-A: E. S. Pieopeiative roentgenogram of patient who fiactured his carpal navicular in a boxing 
match in 1941. ' ^ 

Fig. 5-B: Radial styloidectomy and bone-pegging were done in June 1946. Patient was immobilized 
111 skin plaster for three months after operation. Roentgenogram shows evidence of solid bonv iminn 
Cancellous bone from the radial styloid was used for the graft. ^ 
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mpingement against the process; removal of the radial styloid alle\nated the symptoms. 
Hope of being able to release some of the shearing stress at the fracture site and of pre- 
renting secondary arthritic changes led to the development of the operative procedure 
described here (Fig. 3). 


OPERATIVE TECHNIQUE 

With the wrist held by an assistant in mid-pronation and ulnar de\iation, the opera- 
tive approach is made, after the technique of Burnett, through the anatomical snuffbox, 
with a three-centimeter incision directly over the radial styloid, between the extensor 
pollicis longus and the abductor pollicis brevis. Before operation, care should be taken to 
locate the radial artery as it courses dorsally; this is assured bj’’ palpation of its pulse, as its 
position was found to vaiy markedly. If the radial arterj’^ turned obliquelj' across the 
snuffbox it could be more readily retracted posteriorly, along with the superficial branch of 
the radial nerve and the extensor pollicis longus. More commonlj^ it can be retracted 
anteriorlj', with the abductor pollicis brevis and e.vtensor pollicis breads. The periosteum 
over the styloid process is then incised in the long axis, together vdth the capsule of the 
i\Tist joint, which at this point is largely the radial collateral ligament. The process is then 
freed subperiosteally of all soft tissue and removed with an osteotome. 

The method of removal depends upon whether or not the styloid process is to be used 
for the carpal graft. If the bone is to be used in grafting, the incision should start- 1.5 
centimeters up the radial shaft, in order to secure a sufficiently large fragment to be re- 
shaped for this purpose. Upon removal of the process, the navicular will be found to lie 
directly in the wound; and in most instances the fracture will be visible. The tuberosity 
can then be exposed easily, with avoidance of its dorsal arterial suppl}'; a drill can be 
carried across the fracture line under visual control ; and the graft can be inserted in the 
routine manner. The authors preferred using the removed fragment of styloid for the 
'' graft, because it could be obtained in the same field; since it was largelj- cancellous bone 
Vwith a thin cortex, it was ideally suited for this purpose. Interestinglj', the articular 
cartilage over the distal end of the radius does not extend up onto the stjdoid process. 
The- wound is closed in layers, the radial collateral ligament being sutured over the raw 
bony surface of the radius. A plaster-of-Paris C 3 dinder is applied, with the uTist in moderate 
dorsiflexion and the thumb included in functional position. 

RESULTS 

To date the authors have performed fourteen such operations, extending over a period 
of two and one-half j’^ears. The end results of ten are available. Union was obtained in 
nine, both clinically and bj" roentgenogram, and the functional results were good. The time 
interval after operation varied from three to seven months. The procedure failed in one 
case because the proximal fragment was too small. In this case, grafting was not justified: 
the small proximal fragment should have been excised. Two of these cases were done with 
tibial grafts, and in seven instances the stjdoid was used. In addition, simple stjdoidectomj" 
for a malunited navicular has been performed in three cases, with excellent results. Xo 
appreciable instabilitj' of the uTist joint has been noted in anj' of the cases in which the 
radial stjdoid was removed. 


COXCLUSIOXS 

The surgical removal of the radial stjdoid process is presented as an aid in the treat- 
ment of malunited and ununited fractures of the carpal navicular. It is believed to simplify 
the surgical approach, and ensures better visualization and immobilization of the fracture 
fragments, as well as less likelihood of secondarj* degenerative arthritic changes. Bv 
cmplojdng the excised stjdoid fragment for grafting material, the whole operative pro- 
cedure can be confined to a single operative field. 
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DISCUSSION 

Dr. Ralph Soto-Hall, Sak Francisco, California: The large number and the wide variety of opera- 
tions which have been suggested for the treatment of this condition reflect well the difficulty in solving this 
problem. I believe that the authors have contributed a valuable idea to the surgical ti'eatment of non-union 
of the carpal scaphoid. However, as in all new pi'ocedures, the problem is to determine accurately the type of 
case for which the operation is suitable. 

Non-union of the scaphoid is complex, because of the variety of pathological changes which maj' be 
associated with it; and the degree and the severity of these changes must determine our choice of treatment. 

I agree with the authors that drilling should be discarded, and also that ununited fractures of the 
proximal pole give excellent function when treated by removal of the small fragment. On the other hand, total 
excision of the scaphoid gives a poor result earlj'^ and a worse one later. I have followed several patients with 
total excision for a number of years and have noted a considerable shifting in the relationship of the carpal 
bones, — which explains the progressive increase in sj'mptoms. In early cases without anatomical change, a 
simple bone graft answers our problem in over 90 per cent, of the cases. 

In non-union of long standing we often find a mechanical arthritis of severe degree, with disappearance 
of the articular cartilage between the scaphoid and the radius, hypertrophy of the radial styloid, and an 
important, but often overlooked, subluxation or tilting of the lunate. 

When these changes are severe, simple grafting or styloidectom}" will not correct the disability. In these 
jiatients, particularly those engaged in manual labor, a radiocarpal arthrodesis will give a sound, painless 
wrist. This procedure I still believe to be the most effective one when the fundamental mechanics of the wrist 
have been deranged. 

Total excision of the proximal carpal row is another procedure which is applicable in the late cases; but 
it has limited use, because too often there is residual pain and weakness. 

It seems, therefore, that a fairly large number of moderately old cases of non-union exist with not too 
advanced deformity, which should be ideally suited for a more conservative procedure, such as that described. 

I have not performed this operation on the living but, after reading the authors’ paper, I e.xperimented on the 
cadaver. I was able to confirm the authors’ clinical findings that styloidectomy does not produce instability 
of the wrist and that it does reduce the strain and movement at the site of the experimental^ produced 
fracture. The approach is simple and the exposure obtained is excellent. 

I want to congratidate the authors for presenting a procedure which, although not a cure-all, will, I 
believe, in well-chosen cases, become a permanent help in this type of surgery. 

Dr. Leonard B.arnard (closing): I wish to thank Dr. Soto-Hall for his kind remarks. I have one com- 
ment to make. While Dr. Soto-Hall recognizes that in early cases, without arthritic changes, simple bone- 
grafting gives a large projjortion of good results, we see few of these cases earty. 
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DISTURBANCE OF LONGITUDINAL GROWTH ASSOCIATED WITH 
PROLONGED DISABILITY OF THE LOWER EXTREAIITY *t 

BY DONALD ROSS, M.D., CHICAGO, ILLINOIS 

From the Division of Orthopaedic Surgery, Department of Surgery. 

University of Chicago, Chicago 

Impaired function of an extremitj’- during its longitudinal growth ma}^ result in a dis- 
crepancj’' of limb length. Paralysis, skeletal infection, trauma, and congenital anomalies 
are among the common causes of impaired function. In such cases, the inequalit3’’ of limb 
length is the result of growth retardation and does not entail premature closure of epi- 
phj'seal cartilage. 

In some patients, however, marked length discrepancj’^ or alignment deformit}' de- 
velops; and in these cases, premature closure of one or more epiphj’'seal discs can usuall}' be 
demonstrated. These grovdh arrests occur in patients who have had prolonged disabilitj' 
of an extremitjL Thej' are not due to destruction of epiphj’^seal cartilage bj"- involvement 
with the primarj”^ disease, but are the late consequences of deranged limb function. 

This paper is concerned with premature closure of the gi’owth cartilages at the knee 
in those patients who have had prolonged d5'^sfunction of the lower limb. It is based on the 
studj-- of thirteen patients, nine of whom had tuberculosis of the hip. Each of the others had 
pjmgenic arthritis of the hip, slipped capital femoral epiphj’^sis, poliom}’’elitis. or osteo- 
myelitis of the shaft of the femur. Six patients were boj's; seven were girls. 

The frequencj’^ of this complication is difficult to estimate, because its recognition 
, requires observation of the patient during several j^ears of growth. Nine cases with 
\ growth arrest at the knee were found in a group of ninet3’--two patients with tuberculosis 
of the hip. This incidence of 10 per cent, suggests that, after tuberculosis of the hip, 
growth arrest at the knee is more frequent than the literature indicates. Gill’s report of 
fifteen patients in whom this complication developed stands alone in the literature. 

In the cases here recorded, the site of the growth arrest at the knee varies. In five 
patients, growth arrest occurred in both the distal femoral and proximal tibial epiph3'seal 
plates. Premature closure of the distal femoral disc occurred centralh' in all five; but. in 
the tibial disc, it occurred peripherall3’^ in four, central^' twice. (One patient had bilateral 
tuberculosis of the hip, and growth arrest at both knees developed.) In eight patients 
growth arrest of the proximal tibial epiph3’^seal cartilage alone developed. In this group, 
peripheral fusion of the plate occurred six times and central fusion twice. Seven of the 
peripheral arrests occurred in the posterior medial quadrant and three in the anterior 
quadrant of the tibial plate. The proximal fibular disc was not affected in an3' case. 

CASE REPORTS 

C.\SE 1. T. M., a boy, aged five, had had advanced, untreated tuberculosi': of tlie riglit hip for three 
rears. Immobilization of the hip for four months preceded arthrotiesis with a tibial tran.splant. This wa.'- 
Followed by immobilization for two years and ten months. Two years later, flexion-adduction deformity of 
Ihc right fe.Tiur was corrected by subtrochanteric osteotomy. Plaster fi.xation for two months w.ls necessary 
after this operation. The total period of immobilization of the left lower extremity was three years and 
four months. 

Growth arrest occurred in both major epiphy.scal cartilaginous discs at the right knee. It developed 
first in the distal end of the femur, where there was evidence of growth disturbance two and onc-half year' 
before bony fusion of the epiphysis and the metaphysis was apparent. .A roentgenogram tFig. l-.\) of the 
right knee, taken upon entry, showed osteoporosis, but no abnormality of the growth cartilage.-. .After two 

* Presented at the Chicago Orthopaedic Society on March 14. 1947. 

t This work was supported in part by the Douglas Smith Foundation. 
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and one-half years of immobilization, a roentgeiiogram (Fig. 1-B) showed more marked osteoporosis, a 
thinned and irregular distal femoral disc, and a cireuni-scribed area of rarefaction in the adjacent metaphj'sis. 
The growth cartilages of the tibia and fibula appeared normal. At the age of ten, one year after removal 
of plaster fi.vation, roentgenograms (Fig. 1-C) showed central closure of approximately two thirds of the distal 
femoral disc. Less extensive closure was present in the medial portion of the proximal tibial plate. Proximal 
overgrowth of the fibula was present. In both the femur and the tibia, the location of the growth arrest was 
eccentric and had resulted in posterior rotation of the condyles of the femur and flexion of the shaft of the 
tibia. The area of rarefaction in the metaphysis Was no longer evident. Inequalitx' of limb length at this 
time was ten centimeters; seven and five-tenths centimeters of this shortening was in the femur and two and 
five-tenths centimeters in the tibia. 

Case 2. J. S., a boy, aged two and one-half, had tuberculosis of the right hip. Growth arrest in the 
central portion of the proximal tibial cartilaginous plate developed. Although the distal femoral plate 
ceased its longitudinal growth, it did not undergo premature ossification. Following immobilization of the 
extremity in plaster for sixteen months, an arthrodesis of the liip was performed. Further immobilization 
was carried out for fifteen months. Bony ank\iosis of the hip was present at the age of five. Five years later, 
there was sex'en and five-tenths centimeters of shortening of the right lower extremity. Prominence of the head 
of the right fibula was noted. A roentgenogram (Fig. 2-A) demonstrated bony bridging of the proximal tibial 
])late at its center. There was also proximal displacement of the head of the fibula. The (hstal femoral disc 
appeared normal, but there was an irregular radiolucent defect in the distal femoral metaphysis adjacent to 
the center of the growth cartilage. Osteotomy of the proximal end of the tibia, with excision of most of the 
epiphj’seal cartilage, was done in order to correct the deformity of the right knee. The prominent head 
of the right fibula was also removed. A roentgenogram (Fig. 2-B), taken two years later, showed that the 
proximal tibial epiphyseal plate had closed. The distal femoral epiphyseal plate was still open, but its relation- 
ship to the metaphj'seal defect had not changed, indicating that longitudinal growth from it had ceased. 



Fig. 2-A Fig. 2-B 

Case 2, J. S. Roentgenograms of knee. 

Fig. 2-A; At the age of ten, showing bony fusion centrally of proximal tibial plate, proximal dbplace- 
ment of head of fibula, and a radiolucent defect (a) in the distal femoral metaphysis. (Roentgenogram 
has been reversed.) 

Fig. 2-B: .\t tlio age of twelve, showing that the radiolucent defect ha.= not lxx;n di-placed or elongated. 
More extensive bony fusion of the proximal tibial di'c is present. (Roentgenogram h.as Iiecn reversed.) 
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The inequality between the lengths of the femora was two centimeters and between the tibiae was fiv 
centimeters. 

Microscopic sections of the tibial and fibular epiphyseal discs, removed at the time of osteotomy, ai 
shown in Figures 2-C, 2-D, and 2-E. Fibrillation and fissuring of the matrix was present and the cartilage 



Fig. 2-C 

Photomicrograph (X15) of central portion of proximal tibial plate, showing fibrous tissue and 
bane (b) uniting epiphysis (a) to metaphysis (c). 



Fig. 2-D 

Photomicrograph (XlOO). Peripheral portion of proximal tibial plate, showing fibrillation and 
fis.-uring of cartilage matrix. The cartilage-cell columns (a) are disorientated and shorter than normal. 
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cell columns of the tibial cartilagi- 
nous disc were disorientated. The 
fibular epiphy.ssal cartilage appeare 1 
normal. 


When the area of arrest 
of a plate is eccentric, the 
unaEPected portion continues 
to grow and will cause recur- 
rence of alignment deformity 
unless corrective osteotomj' is 
accompanied by surgical com- 
pletion of the gi’owth arrest. 
The following patient had two 
recurrences of tibia vara be- 
cause this was not recognized. 


Case 3. H. B., a girl, aged teni 
had had tuberculosis of the left hip 
since the age of two and one-half. 

Intermittent immobilization of the 
left lower e.xtremitj' had been car- 
ried out for three years during the 
period of three and one-half to seven 
and one-half years of age. At entiy, 
a varus deformity of the left knee 
was present. There was ten centime- 
ters of inequality in limb length, 
due, in part, to a pathological dis- 
location of the left hip. A roentgeno- 
gram of the knee upon admission 
demonstrated complete bon}' fusion 
- of the distal femoral cartilaginous 
disc and partial bony union of the 
medial portion of the proximal tibial 
plate to the metaphysis. The lateral 
portion of the epiphyseal plate was 
open, and its continued growth was 
indicated by the fact that there was 
no pro.ximal overgrowth of the head 
of the fibula. The tibia vara was 

corrected by wedge osteotomy through the proximal tibial metaphysi=. Failure to complete the growth arre.-l 
of the tibial plate resulted in recurrence of the tibia vara two years later. A second osteotomy was performed 
through the proximal tibial metaphysis. Again, failure to complete the growth arre.st resulted in recurrence 
of the deformity. At the age of twent}', tibia vara of the left knee and inequality of limb length of seventeen 
centimeters were present. 


Photomicrograph (XlOO) 
normal. 


Fig. 2-E 
Proximal 


fibidar epiphyseal plate is 


Case 4 demonstrates the relationship of growth retardation and growth arre.st to 
prolonged disability of the lower extremity. 

Case 4. D. P., a girl, aged twelve, had pyogenic osteomyelitis of the distal two thirds of the s));ift 
of the right femur. 

A roentgenogram (Fig. 3-A), at the age of two, showed osteomyelitis and a pathological fracture of the 
shaft of the femur. Osteoporosis of the femur and tibia was present, but the growth disc- apiieared normal. 
At the age of four, a roentgenogram (Fig. 3-B) .showed the follomng changes of Ixith the distal femoral and 
proximal tibial discs, which indicated growth retardation: The femoral plate rose to a peak in the renter of 
the metaphy.sis, the tibial disc showed a le.ss well-developed central peak, and the head of the fibula was 
displaced proximalh' by its more rapid growth. Osteoporosis was not pronounced, berau-c the patient h.ad 
been ambulator}'. Growth-arrest lines were present in the distal femoral and proximal tibial epiphy.se- .s:ix 
years later, at the age of ten, a roentgenogram of the knee revealed that both tlie femoral and tibial eiiiphy-eal 
plates were still open. At the age of eleven, a roentgenogram (Fig. 3-C) -bowed the beginning of a Ivinx 
bridging of the proximal tibial disc. The distal femond plate wa- -till open, and it- contour wa« more ex-cnly 
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Fig. 3-A Fig. 3-B Fig. 3-C 

Case 4, D. P. Roentgenograms of the knee. 

Fig. 3-A: At the age of two, showing osteomyelitis of shaft of femur, but normal epiphyseal cartilages. 

Fig. 3-B: At the age of four, showing healed osteomyelitis of the shaft of the femur. A central peak in 
the distal femoral plate and proximal displacement of the head of the fibula indicate grovriih retardation 
of the distal femoral and proximal tibial epiphyseal discs. 

Fig. 3-C: A roentgenogram, at the age of eleven, showing bony bridging (a) of the proximal tibial plate. 
The central peak of the distal femoral disc now appears as a radiolucent defect (5). 

horizontal. A radiolucent defect was present in the metaphysis of the femur in the area previously occupied 
by the central peak of the growth disc. The inequality of the length of the limbs at the age of eleven was six 
centimeters, — much less than might be expected by a growth arrest occurring near the age of two and 
secondary to osteomyelitis. The flexion deformity of the right tibia was corrected by osteotomy and the 
limb-length inequality by shortening of the left femur. 

Case 5. M. J., a girl, had tuberculosis of both hips, and growth arrest of the major epiphyseal discs of 
both knees developed. Onset of tuberculosis in the left hip was at the age of six, and in the right hip, at the 
age of seven. Arthrodesis of the left hip was performed at the age of seven. The right hip was not operated 
upon. Immobilization of both lower extremities in plaster dressings was carried out between the ages of 
six and nine and one-half. At the age of ten, six months after resumption of weight-bearing, a varus deformity 
of the left knee was present. Roentgenogi-ams showed angulation of the shaft of the tibia, with proximal 
overgrowth of the head of the fibula. Both the distal femoral and proximal tibial plates were thin and irregu- 
lar, although neither was closed. The varus deformity of the shaft of the tibia was corrected by osteotomy of 
the proximal metaphysis. 

Bony ankylosis of the right hip did not occur. At the age of eleven, roentgenogiams of the right knee 
showed thinness and irregularity of both the distal femoral and proximal tibial cartilaginous plates, with 
bony bridging of the posterior medial quadrant of the proximal tibial plate. 

In the following four patients, growth arrest of the proximal tibial epiphyseal plate 
developed. In each case, the bony bridge was located in the posterior medial quadrant 
of the cartilaginous disc. 

Case 6. P. O., a girl, aged two, had had tuberculosis of the right hip for nine months. There was a per- 
sistently draining sinus. The e\tremit 3 ^ was immobilized in plaster dressings for four and one-half years. 
At the age of six and one-half, arthrodesis of the right hip was performed. Further immobilization of the hip 
in plaster was carried out for one and one-half years. Motion was still present in the hip when immobilization 
was discontinued. Bon}- ankjdosis of the hip was present one jmcr later, but there was also marked flexion 
adduction of the femur. 

One j-ear after the patient re.sumed weight-bearing, roentgenograms of the right knee showed closure 
of the proximal tibial epiphjxseal cartilage mediall}’’ and posteriorly. No alignment deformity of the tibia 
was present, but the head of the fibula had overgrown pioximally. The distal femoral epiphyseal plate was 
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open, but the disc showed irregularity in its medial portion. Roentgenograms two years later showed fle.\-ion 
I and varus deformity of the shaft of the tibia. The bony bridging of the tibial disc was wider. The irregularity, 
/ pre\'iously noted in the medial half of the distal femoral plate, had disappeared, but longitudinal striations 
of dense trabeculae were present in this region. Osteotomj' to correct the deformity of the tibia was done 
through the proximal tibial metairhysis. During this operation, the proximal end of the tibia was inspected 
and no evidence of epiphyseal cartilage was found. The deformity of the tibia did not recur, nor did the dis- 
tal femoral epiphyseal plate undergo premature closure. 

Case 7. J. G., a boy, aged nine, had had tuberculosis of the left hip for nine months. Operation to pro- 
duce ankj’losis of the hip was done at the age of nine and was repeated at the age of eleven. Plaster immobi- 
lization of the extremity was carried out for three years and three months. The patient was ambulatory on 
crutches, without bearing weight on the affected limb, for an additional year. Bony ankylosis of the hip 
was never obtained. 

Prolonged immobilization was carried out in this patient during the period of rapid growth, and weight- 
bearing on the affected limb was not allowed until the age of thirteen and one-half. Xo roentgenographic 
examination of the knee \vas made prior to the time of normal epiphyseal maturation. Because of instability 
of the knee, however, roentgenograms were made at the age of seventeen. The results of an unequal arrest of 
growth in the proximal tibial plate were shown by the underdeveloped medial tibial tuberosity, the over- 
growth of the head of the fibula, and an oblique growth-arrest scar in the proximal tibial metaphj’sis. 

Case S. J. P., a girl, aged seventeen, had bony ankj-losis of the right hip with marked flexion-adduction 
deformity of the femur. An alignment deformity of the right knee and a discrepancy of eleven centimeters 
in limb length were also present. The patient had had a draining sinus in the right hip from the age of four 
to eight, but she had had no motion 
in the joint since she was five. She 
had had no treatment other than 
several months of bed rest at the 
onset of the disease. The primary 
coxitis was assumed to have been 
pyogenic. 

Roentgenograms (Fig. 4) of the 
( right tibia at the age of seventeen 
i showed marked varus and posterior 
'Jngulation of the proximal metaph- 
ysis of the tibia. The lateral view 
showed marked anterior bowing of 
the shaft of the fibula and over- 
growth of the head of the fibula 
above the level of the knee joint. 

The condyles of the femur were ro- 
tated posterior^’, indicating that 
unequal growth arrest had occurred 
in the distal femoral plate. That 
growth arrest also occurred in the 
distal tibial epiphyseal cartilage is 
indicated by the medial and pos- 
terior inclination of the distal tibial 
articular surface. The deformities 
of the right lower extremity were 
corrected by subtrochanteric oste- 
otomy of the femur and multiple 
osteotomies of the shafts of the tibia 
and fibula. The inequality in limb 
length after the osteotomies was 
corrected by lengthening the right 
tibia four centimeters and shorten- 
ing the loft femur six centimeters. 


C.ASE 9. M. B., a boy, had acute 
anterior poliomyelitis at the age of 
four, which affected the trunk and 
both lower extremities. After two 
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Case S, .1. P. Roentgenograms of right leg, at the age of 'cvcntccn, 
showing varu- and posterior angulation proximally in the tibia, over- 
growth and bouang of the fibula, pn-tcrior rotation of the femoral 
condvles, and obliquity of the distal tibial articular sunace. 
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Fig. 5-A Fig. 5-B Fig. 5-C 

Case 9, M. B. Roentgenograms of knee and photograph of patient. 

Fig. 5-A: At the age of ten, showing bony bridging medially at the tibial cartilaginous disc. Alignment 
deformity of the knee has not yet developed. 

Fig. 5-B: At the age of twelve; tibia vara and proximal displacement of head of fibula are now present. 
Fig. 5-C: Photograph at the age of twelve, showing tibia vara and shortening of right tibia. 


yeaib, almost complete recoveij' had occurred in the left lower extremity, but theie was residual paralysi 


of the right hip flexors, glutaeus medius, quadriceps femoris, biceps femoris, and calf muscles. There wa 
internal rotation of the tibia upon flexion of the knee, because of the unopposed pull of the medial hamstria 



muscles. From the age of six ti 
eight the right limb was supportei 
in a long leg brace. This was dis 
carded after operative stabilizatioi 
of the foot. 

At the age of ten, three centime 
ters of shortening of the right tibii 
was present. The femora were equa 
in length. Roentgenograms (Fig 
5-A) revealed bony bridging of th( 
Ijosterior medial quadrant of tin 
proximal tibial epiphyseal plate 
Proximal overgrowth of the head o 
the fibula was evident. An obliqu* 
growth arrest line was seen in tla 
pioximal metaphysis of the tibia 
Roentgenograms (Fig. 5-B) twc 
ymars later showed increased bonj 
bridging of the tibial disc and proxi- 
mal displacement of the head of tin 
fibula. Photographs (Fig. 5-C) at 
the age of twelve showed the ine- 
quality of length between the tibiae, 


Fig. G-A Fig. 6-B 

Ca^c 10, L. L. Lateral roentgenogram and photograph, at the age 
of fifteen, ‘showing anterior angulation of shaft of tibia and genu 
recurvatum. 


and a marked tibia vara deformity 
was then present. Some flexion of 
the knee was also present. The de- 
formity was corrected by osteotomy 
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' of tlie tibia with eiiiphy^codesis of the anterior lateral portion of the proximal tibial growth disc and excision 
I of tlie head of tlie fibula. Examination at the age of fourteen showed no recurrence of the deformity. 

I 

Grow'tli arrest occurred in this patient without prolonged immobilization of the 
‘ extremity. The imbalance of muscle pull at the hip and at the knee probabb’ was an 
1 important factor in the development of the growth deformit5'. 

In three patients growth arrest occurred in the anterior portion of the pro.ximal tibial 
nlate. The disability responsible for the growth disturbance started later in childhood in 
hese patients than in the previous cases, in which the growth arrest was located in the 
posterior medial quadrant of the proximal tibial disc. 

CxsE 10. L. L., a boy, had had tuberculosis of the right hip at the age of seven. His right lower extrem- 
ty was at that time supported in a plaster dressing for seven months. One year later the right knee was ma- 
upulated under anaesthesia, because of persistent limitation of motion. A supracondylar fracture of the 
ight femur resulted, necessitating further immobilization in plaster for three months. Soon after entry 
o the Hospital, at the agfe of ten, arthrodesis of the right hip was done. Bonj- fusion followed immobilization 
or another nine months. 

When he was thirteen, the patient noticed progressive anterior protrusion of his right patella. A roent- 
;enogram (Fig. 6- A) of the knee at the age of fifteen showed anterior angulation of the shaft of the tibia and 
iroximal displacement of the head of the fibula. The tibial epiphysis was fused to the metaphx'sis. The distal 
femoral and proximal fibular discs were still exddent. A photograph (Fig. 6-B) at the same age showed the 
Jeformity of the right knee. The right lower extremity was ten centimeters shorter than the left. The de- 
formity of the tibia was corrected by wedge osteotomy. The residual inequahty of sex'en centimeters in 
limb length was corrected later by shortenmg of the left femur. 

CxsE 11. V. H., a girl, had had tuberculosis of the right hip since the age of seven. Arthrodesis was 
done at the age of eleven Flexion-adduction deformity of the right femur was corrected by a subtrochanteric 
osteotomy at the age of thirteen. The total period of immobilization in plaster dressings was one year and 
eleven months. No deformit.v of the nght knee was noted when the patient was discharged at the age of 
thirteen. 



Fio. 7-A Fio 7-B 

Ca'c 12, .1. B. Roentgenograms of knee. 

Fig. 7-A: At the age of twelve, showing bony bridging (a) of antenor a'-pect of proximal tibrd phto. 
Fig. 7-B; At the age of fourteen, shomng anterior angulation of ^Iiaft of tilna 
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Fig. 8-A Fig. 8-B Fig. 8-C 

Case 13, R. Z. 

Fig. 8-A: Roentgenogram of knee, at the age of seven, shows UTegularity (a) of distal femoral plate 
presentJ'after three years’ fixation in a plaster dressing. 

Fig. 8-B:fAt the age of eight and one-half, showing this irregularity separating from epiphyseal disc 
after w'eight-bearmg had been resumed. 

Fig. 8-C: At the age of ten, showing radiolucent defect (a) left behind in the metaphysis with con- 
tinued grow'th; a second defect (6) was seen adjacent to the growth cartilage. 


Examination at the age of tw'enty-six showed a marked recurvatum deformit}’^ of the right tibia. The 
patient did not remember the onset of the deformity. Roentgenograms of the right knee showed anterioi 
angulation of the shaft of the tibia and proximal displacement of the liead of the fibula. 

Case 12. J. B., a boj’’, aged eleven, had a marked slipping of the light capital epiphysis of the femur 
for wiiich he had been immobilized in plaster for seven and one-half months. Roentgenograms of the knet 
(Fig. 7-A), taken at the age of tw'elve, three months after the plaster dressing had been discontinued, showee 
bonj' fusion anteriorly of the proximal tibial plate to the metaph}'sis. A roentgenogram (Fig. 7-B), taken two 
years later, showmd the anterior angulation of the shaft of the tibia which resulted. This deformity w.i' 
corrected by osteotomy. 

The following case demonstrates the evolution of a grotvth irregulaz'ity of the distal 
femoral epiphyseal cartilage into a radiolucent defect in the distal femoral metaphysis. 

Case 13. R. Z., a girl, aged four, had tuberculosis of the left hip which had been present since the age 
of three. After plaster immobilization from the age of four to the age of seven, arthrodesis of the left hip wa^ 
done. Immobilization for ten months followed this operation. Bon}" anl^dosis wms complete at the age of 
eight. 

A roentgenogram of the left knee at the age of four showed osteoporosis and shadows of the epiiihyscal 
cai'tilages which appeared normal. At the age of seven, after three 3 "ears of immobilization, a loentgcno- 
gram (Fig. S-A) showed evidence of marked growth disturbance at the left knee. Both major epiphyseal 
cai'tilages were thin and irregular. The width of the shaft of the tibia was markedly reduced. The subchondial 
zone of ossification of the distal femoral disc was sclerotic, and the plate had a central peak projecting into 
the metaph 3 "sis. Dense longitudinal trabeculae were present near the posterior medial quadrant of the 
jn'oximal tibial disc. Premature closure of either or both of these epiph 3 'seal discs might be expected to follow 
such growth disturbance. However, roentgenograms (Fig. 8-B), taken at the age of eight and one-half, after 
weight-bearing had been resumed, showed more nearl}" normal epiphyseal cartilages. No displacement of the 
head of the fibula was present. The peak at the center of the distal femoral disc was elongated into the mc- 
tajilu-sis as a radiolucent defect. In the roentgenogram (Fig. 8-C), at the age of ten, both the proximal tibial 
and distal femoral discs were open and appeared normal. Two defects were now present in the distal femoral 
metaphysis, — one adjacent to the posterior aspect of the growth cartilage and another more proximal in 
the shaft. It may be assumed that the more pro.ximal defect was formed first and had become .separated 


THE JOURNAL OF BONE AND JOINT SURGUnV 




DISTURBANCE OF LONGITUDINAL GROIVTH 


113 


rom the epiphysis liy longitudinal growth of the femur. At the age of fourteen, roentgenograms showed 
Lision of all the growth cartilages. Tlie jiroximal displacement of the head of the fibula and the medial an- 
ailation of the shaft of the tibia indicated that premature fusion of the proximal tibial plate had occurred 
hiring the preceding four years. 


ROENTGENOGRAPHIC .\PPEAR.ANCE 

Eoentgenographic evidence of growth disturbance at the knee is usually present prior 
;o the development of marked inequality of limb length or alignment deformity. It 
isually is not detected, however, because roentgenograms of the knees of these patients 
ire not made until some factor, such as deformity, calls attention to the knee. By this 
lime there are marked alterations in the epiphyseal cartilages, which represent advanced 
growth disturbance. The early changes are not observed unless repeated roentgenographic 
examinations are made from the onset of the disability to the end of the active growth 
period. In seven patients of this group, such serial roentgenograms were made. 

The early alterations of the epiphyseal cartilage, which are evidence of gi'owth dis- 
turbance at the knee, are thinness of the epiphyseal disc and the presence of a transverse 
zone of dense bone on its metaphyseal aspect. Growth-retardation scars are numerous, 
and osteoporosis of the regional bone is pronounced. The contour of the epiphj’seal carti- 
lage is irregidar with one or more peaks projecting into the metaphj'sis. In some instances, 
radiolucent defects in the metaphysis are further evidence of deranged endochondral 
ossification (Cases 1 , 2 , 4 , 6 , and 13 ). Such changes maj' precede actual cessation of growth; 
but, in some cases, recoveiy of normal longitudinal growth occui's. 

If growth arrest does occur, roentgenograms show a bonj- bridge across the epiphyseal 
disc. The transverse zone of bone on the metaphj^seal aspect of the disc becomes wider 
and more dense in the region of this bon3' bridge, and long trabeculae converge toward 
its site from both the epiphj'sis and the metaphj’sis. 

Certain sites are more favorable for epiphj^seal bridging. In the distal end of the 
lemur, the point of aiTest is commonl.v posterior to the central portion of the disc. The 
remaining disc maj' continue to grow, causing posterior rotation of the condyles. In the 
proximal end of the tibia, the arrest is often in the posterior medial quadrant, in which 
case continued growth of the remaining cartilage results in tibia vara. Not infrequentl.v. 
the tibial tubercle unites prematureN with its metaph3'sis, and tibia recurvata develops. 
In either case proximal displacement of the fibula in relation to the tibia occurs. 

P.ATHOLOGIC.AL FINDINGS 

The essential pathological change is degeneration of the epiplwseal cartilage and its 
replacement b3' bone. At the site where the plate is bridged, trabeculae of normal character 
unite epiphyseal and metaph3'seal bone. The adjacent portions of the disc show the most 
marked changes and become thinned, fibrillated, and fissured. Cartilage cells are irregu- 
larly placed so that columns are short and disorientated. Transverseh', orientated trabec- 
ulae cover the metaph3-seal surface of the plate. Although the disc ma3- continue some 
growth awa3" from the point of bridging, its matrix and cartilage cells show some degree 
of degenerative change. These alterations are demonstrated in Figures 2 -D and 2 -E. 

TRE.ATXIENT 

Prevention of growth deformit3' in chronic diseases of the lower extremity is not 
alwa3's possible. However, measures that shorten the duration of disabilit3’ from hip 
disease (such as operative fusion), avoidance of prolonged immobilization, and careful 
supervision of the patient who resumes weight-bearing on a limb which has undergone 
marked osteoporosis, ma3^ minimize the chance of growth arrest. If arrest does occur, earlv 
recognition ma3’’ make it possible to avoid deformit3' or marked discrepanc3’ in limb 
length b3’ the emplo3'ment of an epiplu'seal-arre.^t operation. There is no wa3' to produce 
resumption of normal growth from a cartilaginous disc which has undergone partial or 
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complete fusion. If asymmetrical growth arrest has occurred, alignment deformity must 
be prevented by producing surgically a complete arrest of growth in that epiphysis. Em- 
ployment of the gi:owth-arresting operation on the noi'mal limb to produce eventual 
equalization of limb length depends upon the amount of shortening present and the 
amount anticipated when skeletal growth is complete. In patients whose skeletal growth 
is complete, equalization of limb length may be obtained by femoral shortening on the 
normal side, sometimes by lengthening of the short limb, or occasionally by a combination 
of both. 


DISCUSSION 

Atrophy of disuse accompanies any prolonged disability of an extremity, and during 
the groudh period it affects the epiph3'-seal cartilage as i\’’ell as the otlier tissues in the 
limb. Although osteoporosis becomes evident a short time after the onset of the disability, 
the epiphyseal discs appear normal in roentgenograms until the disability has been present 
for a prolonged period. The thinness and irregularities of the disc, and the dense transverse 
plate of bone which is then present on its metaphj'^seal aspect, give the disc an appearance 
similar to any epiphj'^seal cartilage at the time of its normal maturation. Radiolucent de- 
fects in the metaphysis and peaks of epiphyseal cartilage projecting into the metaphysis 
may also be present at this time. These latter changes, however, are not observed in 
normal closure of the epiphyses, and are difficult to explain adequately. The peaks proba- 
bly represent areas of localized growth retardation in the epiphyseal cartilage, and are left 
behind in the metaphysis with the continued growth of the less affected portions of the 
plate. On the other hand, the dense transverse plate of bone which forms on the meta- 
physeal aspect of the cartilaginous disc with groAvth retardation may inhibit the circum- 
ferential increase in the size of the epiphysis, and thus cause the growdng plate to buckle. 
The apex of these peaks would be a favorable site for the first appearance of growth arrest, 
but in several patients in this report (Cases 4 , 6 , and 13 ), the apex of the peaks seemed to 
break off and form a radiolucent defect in the metaphysis. Thus, the defect would repre- 
sent an epiphyseal-cartilage rest, an unwarranted assumption without a biopsy. In Case 
13 , one such defect formed in the femur and was displaced into the metaph3'-sis by longi- 
tudinal growth. A second, more distal, defect then formed. It is more likely that the defects 
consist of fibrous tissue. They have roentgenographic similarity to the early appearance 
of the lesion described by Jaffe as a non-ossifying fibroma and by Hatcher as a meta- 
ph3"seal fibrous defect. The defects disappeared with subsequent growth of the bone. 

Although the growth-retardation changes discussed above are more pronounced at 
the more rapidly growing epiphyseal plate at the distal end of the femur, actual premature 
closure was observed more frequently at the proximal end of the tibia. As the osteoporosis 
disappeared with active use of the limb, the epiphyseal discs frequentty assumed a more 
normal appearance, and the inequality of limb length did not increase. In most patients 
with tuberculosis of the hip, several years elapsed between the discontinuation of plaster 
fixation of the extremity and the occurrence of growth arrest. These observations indicate 
that, while atroph3’- of disuse ma3’’ cause partial degeneration of epiphyseal cartilage 
and growth retardation, it alone does not cause growth arrest. 

Growth arrest occurs when the epiphysis and the metaphysis are united by a bon3'’ 
bridge across the epiphyseal plate. Gill had suggested that this bridge forms as a result 
of a rupture of the epiph3’-seal disc when the normal support of the disc collapses with frac- 
ture of the adjacent atrophied trabeculae. Fracture across an epiphyseal plate does fre- 
quentb' result in growth arrest. However, it seems unlikely that this is the only explanation 
of the growth arrest in these patients, since the growth arrest would be detected soon 
after plaster immobilization has been discontinued, while osteoporosis is most pronounced. 
Also, elastic cartilage resists fracture better than atrophic bone does. 

An alternate explanation of the growth arrest in these cases is that the already par- 
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tially degenerated cartilage is unable to withstand the abnormal stresses of a faulty gait. 
The cartilage wears through at the point of greatest stress and allows bony union of the 
epiphysis and metaphysis. In favor of this is the high incidence of growth arrest in the 
posterior medial quadrant of the proximal tibial plate, and the fact that growth arrest 
never occurred in the fibula, which is unimportant in weight-bearing. 

CONCLUSIONS 

1. Growth arrest may occur at the knee as a complication of chronic disability of the 
lower extremity. 

2. Growth retardation of the epiphyseal discs precedes permanent arrest. This re- 
tardation is due to partial degeneration of the cartilage as the result of atrophy of disuse. 

3. Arrested growth occurs later, due to complete degeneration of a portion of the 
epiphyseal plate and the repair of the defect so formed by a bon 3 ' bridge. 

4. This complete degeneration is probabty due to some secondaiy factor, such as the 
abnormal stresses present with a faulty gait. 
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Internal Cont.\ct Splint 
DISCUSSION 
(Contijiued from page -53) 

of fi\a-‘ion and present it to this .Academj’, since I believe he has made a verj- definite contribution to the 
tre.atment of fractures b\’ intenial fixation. 

Dr. G. W. N. Eggers (closing): When one has been following plate immobilization of fractures for a 
period of j'ears, onh' a firm conviction of its failure tunis one to another method, e.^pecialK' when this method 
is diamotricallj’ opposed to past teachings. The first case requires a little courage, and after that it is sim- 
plicitj’ itself. As to the shearing force, it is decreased b\’ the use of a long splint. Conqilcte immobilization i= 
not necessary in the treatment of fractures, but we should endeavor to accomplish physiological stability. 
I do not use a screw placed obliquch' across the fragment ends, because the longitudinal muscle pull locks the 
fragments sufiiciontlj' to hinder rotation. It simplifies the technique to u=e onh' four screws, placed at cho^n 
Iioints in the fragments, instead of in the holes dictated b\' a plate. 
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HYPERMOBILE FLAT-FOOT WITH SHORT TENDO ACHILLIS 

BY COLONEL ROBERT I. HARRIS, M.C., AND MAJOR THOMAS BEATH 
Royal Canadian Army Medical Corps 

It maj’- appear strange that there is any necessity to discuss such a common and 
apparently simple entit}’- as flat-foot. The explanation is that the problem of pes planus 
is not simple, but in reality is complex and obscure. The configuration and the function 
of the foot are determined by the interplaj'^ of manj'- factors. Even toda}’-, we know all 
too little of the nature and the mode of action of these forces. Attempts to advance our 
knowledge of the subject are handicapped b3'^ lack of material for the study of foot function 
in relation to structure. In the autopsy room, feet are not commonlj'’ the subject of 
stud3L Even in the anatomical museum, where abundant material for the stud3'' of struc- 
ture is available, knowledge is lacking of function during life, to correlate with changes 
in structure which ma3'’ be present. It is not surprising, therefore, that the accumulation 
of accurate knowledge regarding foot problems has been slow. 

The purpose of this paper is to report certain recent observations regarding flat feet, 
and particularly to discuss the relationship between the architecture of the tarsus in 
severe flat-foot and the impairment of function resulting therefrom. 

Not all feet which are flat are the cause of serious incapacity. On the other hand, 
great disabilit3'’ does arise from certain types of flat-foot. Flat feet are not all alike, either 
in their causation or in their deformity. Indeed, the term "flat-foot^’ is used somewhat 
loosel3'- to describe all foot deformities characterized b3’' lowering of the longitudinal arch. 
This condition ma3^ result from various causes. It becomes important, therefore, to dis- 
tinguish from each other the various t3''pes of flat-foot and to determine the cause of each. 

During 1944 and 1945 , the Ro3''al Canadian Arm3^ Medical Corps conducted an e.x- 
tensive surve3’’ into Arm3’’ foot problems, which included the careful and detailed examina- 
tion of the feet of 3 600 i-ecruits, and the subsequent re-examination during training of 
those who enlisted. During the course of this surve3’’, which revealed a representati^^e 
cross section of the foot problems of 3mung men, it became evident that pes planus must 
be divided into at least three varieties: ( 1 ) the severe and disabling type discussed in this 
paper; ( 2 ) peroneal spastic flat-foot, also gravely incapacitating; and ( 3 ) simple depression 
of the longitudinal arch. In contrast to the first two, this third t3''pe is of little conse- 
quence as a cause of disabilit3L The low arch in such cases may be regarded as the normal 
contour of a strong and stable foot, rather than the result of weakness in foot structure or 
weakness of the muscles which motivate the foot. 

We are concerned here with the severe and disabling t3'-pe of flat-foot, mentioned 
first in the preceding paragraph. Because of clinical characteristics which will be discussed, 
we have applied to it the descriptive title of “hypermobile flat-foot with short tendo achil- 
lis”. This new. elaborate, and somewhat cumbersome title is not intended to suggest that 
Ave are describing a new variet3'' of flat-foot, hitherto unrecognized. It is used because it 
describes the chief clinical features of the S 3 ''ndrome, and also because it emphasizes the 
necessit3^ of recognizing different types of flat feet AA'^hich must be distinguished from one 
another. H3^permobile flat-foot with short tendo achillis (“HFF-STA”) is one such Amriety 
which presents distinctive clinical featui’es, the result of alterations in the relationship of 
the talus to the calcaneus. 

This t3"pe of flat-foot is the common form of severe pes planus in childhood and 3'’Oung 
adult life. Man}^ authors have recognized and described its various clinical manifestations, 
especialh' the short tendo achillis. No one, as far as Ave can ascertain, has appreciated it as 

* Re.ad at the Annual Meeting of The American Orthopaedic Association, Hot Springs, Virginia, .lune 27, 
1940. 
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Fig. 534. — The relation of the astrag- Fig. 535. — The relation of the astrag- 
alus to the os calcis. alus and os calcis in flat-foot. 


Fig. 1 

Diagrams illustrating Whitman’s conception that, in flat-foot, the head of the talus is dis- 
placed inward and downward in relation to the calcaneus. Whitman implies that this is the 
result of the flat-foot deformitj', rather than the cause, as is actuallj' the case. (Reproduced, by 
pennission of Lea and Febiqer, from Treatise on Orthopaedic Surgeiw, by Royal Whitman, 
Ed. 5, 1917, p. 694.) 


a clinical entity, based upon a specific structural relationship of the talus to the calcaneus. 
Such new knowledge as can be contributed by this paper is related to the demonstration 
of this fact. 

Roj'al A^Tiitman described well many of the clinical features of this type of flat-foot, 
and illustrated with diagrams (Fig. 1) his conception of the changed relationship of the 
talus to the calcaneus in flat-foot. Although his conception is not based upon anatomical or 
roentgenographic observations and is regarded bj' him as the result of the deformity, it 
closely resembles the structural deviation which we have observed in our patients, and 
believe to be the cause of the deformity. Hibbs, in 1914, apparentlj' was describing this 
of foot in children, although he placed the whole emphasis upon the short tendo 
'^chillis. Certain German authors, including Schultze and Gocht, have advocated lengthen- 
ing of the tendo achillis in the treatment of severe flat-foot. They seem to have been 
treating the type of flat-foot described in this paper, with emphasis upon the short tendo 
achillis. 

Hoke described this type of flat-foot well in 1931, but his mistaken conception that 
muscle power plays the all-important role in maintaining the shape of the foot led him to 
the false conclusion that navicular-cuneiform fusion will most simply correct the condi- 
tion b}' pro^^ding a longer lever through which the muscles may e.xert their power. By 
his operation, some improvement is obtained by the lengthening of the tendo achillis, 
but the fundamental structural weakness is unaffected. In our hands, Hoke’s operation 
for flat-foot has been disappointing. 

CLINICAL JIANIFESTATIO.VS OF HYPER.MOBILE FLAT-FOOT WITH SHORT TENDO ACHILLIS 

Hj-permobile flat-foot with short tendo achillis presents distinctive feature.^ which are 
SO characteristic as to render its recognition easy in well-marked cases. 

History 

Since this type of flat-foot is based upon a congenital anomaty of structure of the 
talus and the calcaneus, the resulting deformity appears early in life. :Many ca.=es, and 
perhaps all, become manifest in childhood by the obseiwation of an alert parent that there 
is flatness of the feet. He is the more likely to be aware of his child’s deformity, since he 
hhnself may suffer from the same condition; there is a strong tendency for it to be in- 
herited. For a varying period of time the deformity does not produce i'ymptoms, but 
sooner or later appear pain and aching in the feet and fatigue on standing or walking. 
Symptoms may be evident as early as five years of age. but they more commonly appear 
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in the early teens. From the time of the first appearance of symptoms, there is a histon 
of constant foot disability and limited capacity for foot effort. Idie child learns to avoic 
strenuous sports and heavy activities, and by this means adjusts himself to a regimen o: 
activity which falls within the limitations imposed by his disability. The characteristic 
history, therefore, is one of flat-foot .since childhood with some degree of incapacity 



Fig. 2 


Hypermobile flat-foot with shoit tendo achillis. The foot is not defoimcd unless it is healing 
weight. This can best be demonstrated by seating the patient on tlie edge of a table and permitting 
his legs and feet to dangle fi om the knees, completely free of supei impo'sed weight. 



Fig. 3 

Hvpermobilc flat-foot with shoit tendo achillis of model ate seventy (same ease as illustiated 
in Fig. 21. When weight is borne upon the font, the position of well-niaiked flat-foot is assumed. 
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Fig. 4 Fig. 5 


Fig. 4; Hypcrmobile flat-foot with short tcndo achillis of moderate severity (same case as illustrated 
in Fig. 2). The deformitj' can bo corrected effectively by muscular effort, if the patient stands on his 
tiptoes. 

Fig. .5; Hypcrmobile flat-foot with short tendo achillis of moderate severity (same case as illustrated 
in Fig. 2). 441160 the patient stands with heels on the floor, the deformity can still be corrected by 
muscular effort, although less easily and le.ss well. Note the use of the long toe flexors to accomplish 
correction. 

obsert'ed first in late childhood or early adolescence and continuous and increasing since 
then. It should be emphasized, however, that the disability in youth usually is not so 
great as might be expected from the degree of flatness of the feet; also that there are 
wide variations in the basic abnormality and consequently wide variations in the se4'erity 
of the deformitj' and in the degree of functional incapacity. 

I 

, Feet Flat only on Weight-Bearing 
\ 

' In typical cases, the flatness of the feet is manifest only when the patient bears weight. 
When weight is completely remox^ed from the feet, they assume a shape which seems 
normal (Fig. 2) . When the feet are placed on the floor and weight is borne upon them, thex’ 
assume a marked degree of pes planus of a characteristic type (Fig. 3). 

The disappearance of flatness xx'hen the feet are reliex’ed of xveight. and its reappear- 
ance xx'hen xx'eight-bearing is resumed, constitute exddence of the mobility of the feet and 
of the action of the short tendo achillis. 

The patient usually can correct the deformity bx" voluntary muscular effort. He does 
so best if he stands on tiptoe (Fig. 4), since this eliminates the effect of the short tendo 
achillis. If the heels are on the ground, he can still correct the deformity b}" muscular 
effort, although xvith difficulty and only with the assistance of accessoiy muscles (Fig. 5). 
The statement frequently is made that flat feet xx'hich are capable of correction by muscu- 
lar effort cause little functional incapacity. Such is not the case xvith hypermobile flat-foot 
xvith short tendo achillis xx-hich, in spite of its mobilitx" and capability of correction by 
muscular effort, is the source of great disablement. 

Shortness of Tendo Achillis a7id Limitalion of Dorsijlcxion at Ankle Joint 

If movement at the ankle joint is examined carefully, it can be demonstrated that its 
range in dorsiflexion is greatly limited. To obtain comparable results xxdth this test, it is 
necessary that the knee be full.v extended xyhile mox-ements of the ankle joint are tested ; 
otherxvisc variations in the tension of the gastrocnemius xvill modify the range of dor.^i- 
llexion at the ankle. It is equally important to ensure that only movement at the ankle 
joint is permitted. For this purpose, movement at the subtalar and mid-tarsal joints must 
be eliminated by the manner in xvhich the foot is held (Fig. (I). 44'hen examined with 
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careful observance of these details, the hypermobile flat foot with short tendo achillis 
displays a remarkable limitation in the range of dorsiflexion at the ankle (Fig. 7). This 
never reaches a right angle and frequently falls short of it by as much as 25 degrees (that 
is, the angle of greatest dorsiflexion is 115 degrees). In normal feet, the angle of greatest 
dorsiflexion may reach 20 degrees beyond the right angle (that is, the angle of greatest 
dorsiflexion is 70 degrees). 

This limitation of dorsiflexion at the ankle joint is due to shortness of the triceps surae 



Fig. 6 


Manner of e.xamining the foot to determine the limit of dorsiflexion at the ankle joint. The knee is 
fulb’^ e.xtended; the foot is held in such a manner as to eliminate movement of the subtalar and mid- 
tarsal joints; only ankle-joint movement is permitted. It can then be demonstrated that the foot fails 
to reach a right angle because of the shortness of the tendo achillis. (Same case as illustrated in Fig. 2.) 



Fig. 7 


Shortness of the tendo achillis in hypermobile flat-foot. In this case, the foot fails by 30 degrees to 
reach a right angle. 
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Fig. S-A Fig. 8-B Fig. 9 


Hypermobile flat-foot with short tendo achitiis of moderate severity (same case as illustrated in 
Fig. 2). Illustrating the various elements in dorsiflevion of the fore part of the foot. 

Fig. 8-A: Up to the point showm, the movement takes place at the ankle joint, and the foot remains 
normal in shape. 

Fig. S-B; Further dorsiflexion of the fore part of the foot is accomplished by upward and outward 
swing of the fore part of the foot, which occurs at the mid-tarsal and subtalar joints and is associated 
with the development of the deformity of flat-foot. 

Fig. 9: Double-exposure photograph, to illastrate the features described in Figs. 8-A and 8-B. 


.gastrocnemius and soleus, plus the tendo achillis). It should be noted that the phrase 
‘■ndth short tendo achillis” is used to indicate shoi-tness of the whole plantar-flexing mech- 
inism of the foot. Furthermore, the term does not imply that the short triceps surae is the 
cause of this type of flat-foot, but merely that it is a characteristic part of the clinical 
licture. The basic cause lies in the structure of the talus and calcaneus, and possibly also 
n the hypermobility of the tarsal joints. The shortness of the tendo achillis probably de- 
mlops because the structure of the foot and the laxity of the tarsal joints deprive it of 
tension stresses, which normally in youth would facilitate its elongation. 

^ypermobility of Subtalar and Mid-Tarsal Joints 

■ The limitation of dorsiflexion at the ankle joint is concealed, and on casual observa- 
tion may be overlooked, because of another and equally characteristic feature of hj-per- 
tnobile flat-foot vdth short tendo achillis, — namely, an undue laxitj’- and an abnormally 
increased range of mobility at the subtalar and mid-tarsal joints (talocalcaneal, talocal- 
caneonavicular, and calcaneocuboid joints). Normal movement in these related tarsal 
joints is complex, but the separate elements combine to permit inversion and eversion of 
the foot. All elements of this complex movement are greatlj'^ increased in range in the type 
of flat-foot under discussion, particularly abduction of the fore part of the foot and dorsi- 
flexion at the mid-tarsal joint. Because of this greatly increased range of movement at the 
subtalar and mid-tarsal joints, the fore part of the foot can swing upward and outward to 
an unusual degree (Figs. 8-A and S-B), but it accomplishes this bj' an associated valgus of 
the heel, bulging of the inner margin of the foot, and relative depression of the head of the 
talus. The increase in the sweep of the foot upward and outward is sufficient to permit the 
heel to come down on the ground in spite of the short tendo achillis. Upward movement 
(doi-siflexion) of the fore part of the foot, therefore, consists first of dorsiflexion at the ankle 
joint, to which is added an upward and outward swing which takes place at the mid-tarsal 
and subtalar joints, accompanied by valgus of the heel and bulging and depression of the 
medial margin of the foot. Up to the limit of dorsiflexion at the ankle joint, the foot can 
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Fig. 10 Fig. 11 


Pig. 10; Shows tlie cliaracteristic deformity of severe liypermobile flat-foot with short tenclo achillis. 

Pig. 11; Severe hypermobilc flat-foot with short tendo achillis (same case as Fig. 10). The head 
of the talus projects prominently on the medial margin of the foot, and is depressed to such a degree 
that it reaches the floor. 

remain normal in shape; but as soon as this limit has been reached, further dorsiflexion of 
the fore part of the foot, necessaiy to permit the heel to reach the ground, can only be 
accomplished by a movement which at the same time breaks the foot medially at the 
mid-tarsal joint and produces flat-foot. 

Instability of the Subtalar and Mid-Tarsal Joints 

A further clinical characteristic of liypermobile flat-foot with short tendo achillis 
is the instability of the subtalar and mid-tarsal joints. Upon examination of the range of 
dorsiflexion at the ankle joint, it is not easy to eliminate movement at the subtalar and 
mid-tarsal joints because, with every attempt to dorsiflex the foot at the ankle, the fove 
part of the foot tends to “flip out" into valgus. There is only one narrow segment in its 
arc of lateral movement in which pressure against the ball of the foot produces only 
movement at the ankle joint. So precise is the position in which the foot must be main- 
tained to limit movement to the ankle joint, that the slightest shift to one side or the 
other permits the fore part of the foot to slip off its point of balance, either medially or 
laterally (usually the latter). It feels as though it were balanced on a point centered on 
the head of the talus. If it is maintained in e.xactly the correct position, considerable force 
can be applied to the ball of the foot. When the point of balance is lost, the fore part of 
the foot suddenly'- slips out and up through its whole range of movement, without any 
resistance until the limit of valgus has been reached (Fig. 9). 

Characteristics of the Deformity 

The flat-foot deformity'- is severe and of a distinctive type (Figs. 10 and 11). Although 
familiar to eveiyone who deals with foot problems, it is worth recording here in detail. 
The fore part of the foot is swung out in relation to the hind part so that their long axes 
meet at an obtuse angle, the apex of which is medial. The general position of the foot is 
one of external rotation in relation to the leg. Since the feet most often are placed so as to 
point forward, this relationship is manifested by internal rotation of the leg in relation to 
the foot. I'he head of the talus is thrust downward and inward, producing the bulge which 
is the apex of the angle between the fore part of the foot and the hind part. Sometimes it is 
depressed so far that it actually^ reaches the ground. The calcaneus is tilted into valgus. The 
lateral malleolus is buried in the laterally'' displaced foot; the medial malleolus projects 
prominently, together with the head of the talus. The whole of the sole of the foot is in 
contact with the ground and, if foot imprints are made which record the distribution of 
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Veight, it can be demonstiated that weight is distributed nearly uniformly thioughout the 

(A\hole aica in contact \\ith the ground (Fig. 12). 

/ 

Variation in the Degree of Defonmty 

As might he expected fiom its origin in a congenital anomalj' of structure, this type 
of flat-foot varies in degi ee of severity. Eveiy gradation of the deformity can be found in a 
series, from the mildest case, vhich might not easily be recognized except by one familiar 
vith the lesion, to the most ex'treme 
defoimity, such as that shown in [ 

Figuies 10 and 11. This tremendous 
vaiiation in the degiee of deformity 
is one of the stiiking features of the 
syndrome, and one which makes the 
pioblem complex: First, it makes the 
diagnosis of the mild cases difficult; 
the severe degrees are easy to recog- | 
nize, but at the other end of the scale, i 
the lesion shades off by imperceptible | 
giadations into the manifestations of 
a normal foot. Second, it makes as- 
sessment of function difficult. To 
lecognize that hx’-permobile flat-foot 
with short tendo achillis exists, does 
not automaticallj’^ permit an assess- 
ment of function. That depends upon 
the degree of deformity. Third, it 
.^lendeis treatment complex, since the 
.ieieie degiees requiie treatment rad- | 
ically different from that needed for 
the mild cases 

Recognition of the existence of 
tins condition marks merety the be- ] 
ginning of a complex problem m 
management, which is modified profoundty bj"^ the degree of deformity which is present. 

The natural tendency of the deformity to become more severe and certainly more 
incapacitating with increasing age should also be noted. In childhood, disability is slight. 
It maj-^ not manifest itself until adolescence. In young adult life, with the burden of increas- 
ing weight and strenuous activities, it becomes more troublesome, and b}' middle life it 
may have reached severe proportions. 

Incidence 

The incidence of ^eveie hypermobile flat-foot with short tendo achillis is not very 
I high, — about one case in eveiy 145 men examined The mild form of this condition is 
f neaily eight times more fiequent The incidence of the various types of flat-foot among 


.3,G19 Canadian soldieis was as follows" 

Severe hypermobile flat-foot with short tendo achillis 25 

Mild hypermobile flat-foot w ith short tendo achillis 192 

Peroneal spa,stie flat-foot 74 

Ml other cases of low arch . .524 







Fig 12 

Footprmts of hj-permobile flat-foot with short tendo 
ichilhs of moderately severe degree (same case as illustrated 
in Fig 2) 
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1 he peculiai elmieal featuios of this type of flat-foot suggest that its cause may lie in 
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Fig. 13 
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Fig. 14-A 
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Fig. 1-1-B 


Fig. 13; Anterior view of anatomical specimens which illustrate the extremes of firm and of weak 
support of the head of the talus by the anterior end of the calcaneus, obseiwed in the examination 
of the feet of 200 cadavera. 

"With firm support, the center of the head of the talus lies nearly over the center of the anterior 
end of the calcaneus and nearl 3 ’ flush w ith it 

With weak support, the center of the head of the talus lies far medial to the center of the anterior 
end of the calcaneus. The head of the talus projects forward from the anterior end of the calcaneus. 
There is no contact between them, no articulation, and no support. 

Figs. 14-A and 14-B: Photograph (Fig. and roentgenogram (Fig. 14-B) of the anatomical 
specimens illustrated in Fig. 13, now disarticulated and view ed from above. 

With fimi support of the head of the talus, the sustentaculum tali is broad, rounded, and runs 
forward to the anterior margin of the calcaneus. The articular facet on the anterior margin of the 
calcaneus is continuous with the sustentaculum tali. 

With weak support of the head of the talus, the sustentaculum tali is a narrow tongue-like process, 
springing from the medial side of the calcaneus far back, and from a narrow base. Xo facet is present 
at the anterior end of the calcaneus for the head of the talus. 


some abnormal relationship of the talus to the calcaneus. It is difficult, otherwise, to 
visualize a mechanism which will permit such a great upward and outward swing of the 
fore part of the foot. Through the courtesy of Professor J. C. B. Grant and the interest of 
Professor H. A. Cates of the Department of Anatomy of the University of Toronto 
studies of the tarsal bones wore undertaken by Professor Cates. The studies revealed wide 
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Photograph (l*ig. 15-A) and roentgenogram (Fig. 15-B) of the anatomical specimens illustrated 
in Fig. 13, now articulated and viewed from above. 

Firm Support of Head of Talus: The head and neck of the talus arc short and thick. The head of 
the talus is superimposed upon the anterior end of the calcaneus. The calcaneus tends to be shoit 
and thick. 

lI’cnA: Support of Head of Talus: The head and neck of the talus are elongated and project forward 
beyond the anterior end of the calcaneus. The head of the talus lies anterior and medial to the 
anterior end of the calcaneus, and is not superimposed upon it. 
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^ aiiations in the lelationship of the talus to the calcaneus, espeeially inth leference to the 
jmanner in i\hich the head of the talus is suppoited by the anteiioi end of the calcaneus 
teince the weight of the body is tiansmitted in consideiable pait thiough the head of the 
talus, the manner of its suppoit will gieatly influence its lange of movement and its posi- 
tion undei stiess, and the mannei in which it is mtei locked in the tareus will influence the 
lange of movement of the moie distal taisal bones. 

Figures 13 to 16-B illustiate foui diffeient views of two sets of tab and calcanei These 
weie selected fiom the foot bones of 200 cadaveia in the Depaitment of Anatom 3 ’^, Uni- 
veisity of Toionto, to illustiate the extiemes, within this gioup, of good suppoit and of 
pool suppoit of the head of the talus bj" the anterioi end of the calcaneus Fiom the photo- 
giaphs and the loentgenogiams of these specimens, ceitain featuies can be obseived which 




Tig IO-B 

Photograph (Pir 10- Vt and roentgenogram (Fig 16-B) of the medial \r\\ of anatomieal ^iKcinitms 
illu'.trUed m Pig 1.5 

r irm Support of Head nf Talus The head of the tala'; la ';upportid In an articuhir ‘■urface, nhich n 
lontinnous from the '•ustentaculum to the anterior margin of tlie cdeineu*; 

11 cal Support nf Head nf Talus There is no facet in this six'cimeii Ix'twien the .inti nor i nd of thr 
e ilcani ns and the head of the talus The sustentaculum is narrow and supports tlu ntek onl\ , f ir h ick 
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Fig. 17 Fig. 18 


Fig. 17; Tracing from a standardized roentgenogram, to indicate the various measurements 
which jdeld information regarding inadequate support of the head of the talus by the anterior end 
of the calcaneus. 

A; Me^al displacement of the head of the talus, — the amount of which is a rough measure of 
the severity of the clinical picture. 

B: Anterior projection of the head of the talus, which brings it farther forward than the anterior 
end of the calcaneus. 

C: Position and shape of sustentaculum. It springs from the medial side of the calcaneus, some 
distance back from the anterior end and from a narrow base. Its shape is tongue-like. There is an 
abrupt angle where it joins the calcaneus. The anterior margin of the sustentaculum does not run 
forward to support the head of the talus. It provides support only to the neck of the talus. 

D: Divergence of the long axis of the talus from that of the calcaneus. This is greater than in a 
normal foot. 

B: Extent of the shadow of the head and neck of the talus, which is not imposed upon the shadow 
of the underlying calcaneus. Several of the preceding factors (medial displacement of the head of the 
talus, anterior projection of the head of the talus, and shape of the sustentaculum) result in a 
greater-than-normal area of the head of the talus lying free of underlying calcaneus. The roentgeno- 
gram projects this as a shadow of the head of the talus, not imposed upon the shadow of the cal- 
caneus. The extent of this free shadow of the head of the talus becomes a useful index of the degree 
of inadequate support of the head of the talus. 

Fig. 18; Tracing from a standardized roentgenogram of a foot, showing good support of the head 
of the talus by the calcaneus. (For contrast adth Fig. 17.) 

are described in the legends accompanying the illustrations. Those features shown in tin 
example of weak support of the head of the talus are important, since it has been possible 
to reveal, by means of roentgenograms, similar structural relationships in the authors 
cases of hypermobile flat-foot with short tendo achillis with such constancy that wc 
believe them to be the basic cause of this type of flat-foot. 

The differences demonstrable in the anatomical specimens indicate that wide varia- 
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Fig. 19 

Features of weak support of head of talus by anterior end of calcaneus, as illustrated by the stand- 
ardized roentgenogram of the case illustrated in Fig. 2. Note that the head of the talus is displaced 
medially and is far fon\-ard. The sustentaculum springs from the body of the calcaneus, far back and 
at an abrupt angle. There is a large area of the head of the talus which is unsupported by the 
calcaneus. Compare ^^•ith Figs. 17 and 18. The footprint of this patient is shown in Fig. 12. 

tions exist in the support which is given to the head of the talus the anterior end of 
the calcaneus. The head of the talus may be placed solidly upon the calcaneus and every- 
where in contact vdth it, and so firmly supported that superimposed weight will not shift 
its position. This is illustrated by the example of firm support. On the other hand, the head 
of the talus may lack completely any contact with the anterior end of the calcaneus and, in 
addition, it may be displaced so far medially that, under load, there must be an inevitable 
tendency for it to be thrust downward and for the calcaneus to be tilted into valgus. In the 
example of weak support of the talus, the absence of any anterior facet leaves the talus 
supported only by the sustentaculum, and this is so far back as to provide onl3' the most 
precarious support. 

Examination of the specimens cannot but suggest that weak support of the head of 
the talus is the cause of hj^permobile flat-foot with short tendo achillis. The mediall3^ dis- 
placed head of the talus, without underl3dng bon3' support, can be maintained in position 
onty b3' muscular and ligamentous support. It is incomparabl3' less stable than a talus 
which is based firml3' upon the underl3’-ing calcaneus. It is eas3' to believe that weights 
bearing from, childhood would cause such a talus to be pushed downward and inward, 
while the fore part of the foot twists upward and outward. 

ROENTGENOGRAPHIC STUDIES 

In oi'der to explore the possible relationship between weak support of the head of the 
talus and h 3 ^pcrmobile flat-foot with short tendo achillis, roentgenographic technique was 
evolved b3' means of which uniform, standard sujiero-inferior, lateral, and oblique projec- 
tions were obtained, of such a qualit.v as to produce an eciuall3- good image of all of the 
bones of the foot *. The feet of 3,619 3’oung Canadian soldiers were .x-ra3-ed 1 ) 3 ' this 
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technique, and the standardized films so obtained were studied and correlated with clinica^ 
findings and with functional capacity, as judged by peiformancc under the stress of mili- 
tary training. AVith the extensive experience gained in the Canadian Army Foot Survey, 
we can state that such roentgenograms arc a valuable means of studying the structure of 
the foot and of correlating it with deformity and with function. 

In general, the findings of this study dcmonslratc that thci’c is a close parallelism be- 
tween weak support of the head of the talus (as demonstrated by the standard roentgeno- 
grams) and the presence of hypermobilo flat-foot with short tendo achillis. The roentgeno- 
graphic evidence of Aveak support of the head of the talus is nearly ahvays present in this 
condition, and its degree corresponds closely to the severity of the clinical picture. Tk 
authors believe that inadequate support of the head of the talus is the important basic cause of 
hypermobile flat-foot xoith short tendo achillis. 

Roentgenographic Evidence of Weak Support of the Head of the Talus 

The standardized roentgenograms were closely comparable to the roentgenograms of 
the anatomical specimens, so that the structure of the foot could be interpreted from study 
of the anatomical specimens. The important points indicating weak support of the head of 
the talus, which can be determined from the supero-inferior roentgenograms, are illustrated 
diagrammatically in Figure 17. 

Figures 19, 20, and 23 show the roentgenographic appearance, in the supero-inferior 
projection, of feet displaying weak support, average support, and firm support of the head 
of the talus. 

Roentgenograms can never replace clinical examination in the diagnosis of hypermo- 
bile flat-foot with short tendo achillis. The value of roentgenographic studies lies in the 



Fig. 20 

Features of average support of head of talus, as seen in the standardized roentgenogram. Com- 
pare with Figs. 17, IS, and 19. 
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Fig 21 Imprint of the feet illustrated in Fig 20 There is a\ erage support of the head of the talus, 
and no depression of the arch 

Fig 22 Impnnt of the feet illustrated m Fig 23 Mild claw-foot is manifested bi the high arch and 
localized pressure under the heads of the metatarsals 



Fig 23 

Ftitures of firm support of the head of the talus, as seen in the standardized roentccno-Tam Tin, 
was a case of mild claw -foot ^ 
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light they throw upon the relationship of bony structure to deformity and function. It is a 
technique of research, by means of which we may secure otlierwise unobtainable informa- 
tion regarding the skeletal structure of feet, the appearance and function of which can be 
assessed by clinical examination. In the problem of diagnosis, roentgenograms supple- 
ment, but do not replace, clinical examination. Hypermobile flat-foot with short tendo 
achillis can be recognized best by its distinctive clinical features,— short tendo achillis, 
hypermobility and instability of tarsal joints, and deformity which is present only when 
weight is borne upon the foot. 


SUPPORT OF THE FOOT 

Passive Support by Bones and Ligaments versus Active Support by Muscle Power 

In this paper the conception is advanced that the function of the foot and its shape 
under the stress of weight-bearing depend chiefly upon the design of the tarsal bones anc’ 
their position in relation to each other. Deficiencies in structure of the talus and calcaneus 
result in a weak, flat foot; conversely, the foot will be strong and well shaped if the tarsa: 
bones are so shaped and so fitted into each other that the}^ cannot shift when weight is 
imposed upon them. Since this conception is contrary to the widel}^ accepted vie^v that 
muscle power is the important factor in maintaining the shape and strength of the foot, 
some discussion of these opposing views is necessar3^ 

Lack of accurate knowledge of the physiolog}'- of the foot, and particularly of the rela- 
tionship of its structure to its function, makes it difficult to assess the relative importance 
of the passive factors (bones and ligaments) as compared Avith the active factors (muscles) 
which provide support to the foot. In most discussions on foot function, it is implied that 
the body structure of the foot follows a fixed pattern. In consequence, it is assumed that 
the support which is provided to the foot by its bon}'- framework is the same in every foot, 
and that variations in the strength of the foot are dependent to a great degree upon the 
poAver of muscles. 

The information derived from the Canadian Army Foot Suryey and from previous 
studies leads us to the conclusion that, in the foot more than in any other part of the body, 
variations in the shape of the skeletal units and in their relationship to one another pro- 
foundly modify the stability, the shape, and the function of the foot. Such variations are 
common and occur through a AAude range. It is incorrect to assume that there is uniformity 
of bony structure in all feet, or that the support provided by the architecture of the foot is 
\drtually the same in every case. The tarsal bones, especiall}^ the talus and calcaneus, vary 
in their shape, in their position relative to one another, and in the manner in AALich they 
articulate AAuth one another. These variations occur through such a AAude range that it is 
impossible to define precisely Avhat is normal. It is clear, hoAA^ever, that at one extreme of 
the range of variation the relationship of the tarsal bones to one anotliei’ is unstable. Even 
AAdth the aid of support from ligaments and muscles, the3'' are ill-adapted to AA'^eight-bearing 
and can readilj’’ be distorted bj"- superimposed stress. At the other extreme, the shape of the 
tarsal bones and their relationship to one another is such that they virtually interlock; and 
the more AA^eight they bear, the more firmly thej' settle doAAm into one another (Figs. 13 
to 16-B). 

One might compare the leg and foot to an obelisk (the tibia), based on a plinth con- 
sisting of tAAm superimposed foundation stones (the talus and calcaneus). If the foundation 
stones are smoothlj^ cut A\Ith all surfaces at right angles to each other, if they fit accurateb'' 
and are preciselj" superimposed upon one another, and if the}'^ rest upon a level foundation, 
the AA’eight of the shaft is carried AAuthout danger of collapse. Should the foundation stones 
be imperfect in their outline, tilted, or not accurately superimposed on one another, the 
Avei"‘ht of the column is off center and the structure is unstable (Fig. 24). 

It is impossible, therefore, to discuss the problem of Aveak feet without taking into 
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Fig. 24; Sketch to illustrate structures analogous to strong and weak feet. An obelisk of well-cut and 
well-fitted stones is stable and supports weight without difficulty. If the stones are irregular in shape, 
poorly fitted, and badly placed, or if they have slipped, the structure is unstable and shifts when weight 
is imposed upon it. 

Fig. 25; Diagram illustrating the various principles of treatment for hypermobile flat-foot with 
short tendo achillis. (a) The weak skeleton may be supported by an external prop, — for example, a 
Whitman plate, (b) The muscles and their tendons may be utilized as slings to support the unstable 
skeleton. Increased muscle power by exercise increases the efficiency of this mechanism, (c) The un- 
stable skeleton may be made stable by fusion, as are the stones by cementing them together. 


consideration their bony framework. Moreover, it is useless to discuss structure in general 
terms; it must be related specifically to each particular flat foot. Feet are as indmdualized 
in their structure as are other parts of the body; but, while variations in structure make 
no difference in the function of noses, ears, or even hands, they are important vdth feet. 
Efficiency in weight-bearing and propulsion is profoundly influenced by their skeletal 
structure. 

While the stability of the foot and the maintenance of its normal shape depend to a 
great extent upon its bony structure, this does not exclude contributions to its support 
from ligaments and muscles. 

It is not easj' to determine exactty the part which ligaments play in providing support 
to the foot, since direct study of their function is difficult. It seems reasonablj'^ certain, 
however, that some ligaments provide direct support to superimposed structures (such as 
the spring ligament supporting the head of the talus) ; while others, by limiting movement 
at the tarsal joints, prevent displacement into positions of instability (perhaps the interos- 
seous talocalcaneal ligament) . 

The contribution of the muscles to the support of the foot is more easilj’' ascertained, 
even though the mechanism of their functioning is complex to the point of confusion. It is 
possible for muscles to maintain the normal shape of the feet and to support the load im- 
posed upon them, provided the feet are not rigid. The effort involved in doing this will varj^ 
\rith the adequacy of the support provided bj' the skeletal framework. This is well exempli- 
fied by the type of flat foot under discussion. Its deformity can be corrected by muscle 
power, although this involves an unusually' great effort and calls into play muscles not 
commonly used. This muscle mechanism is only for occasional use, however. It involves 
too much effort to be long maintained. In few cases of hypermobile flat-foot with short 
tendo achillis is the deformity eliminated by the use of the muscles, even though they can 
be used for this purpose on occasion. 

The support and stability which are provided the foot by its bony structure vary from 
foot to fbot within wide limits. The task in load and balance which remains for the muscles 
varies inversely with that assumed by the bony framework. The strongest, mo.-t stable foot 
is that in which the tarsal bones interlock with one another in such a manner as to tran.smit 
the body weight directly to the ground. Such a foot requires its muscles only for fine 
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adjustments of balance, and for accommodatioc 
to irregularities in the ground. The Jess stable 
the bony framework, the greater is the load 
thrown upon the muscles. The severe cases of 
hypermobile flat-foot with short tendo achillis 
represent the extreme of skeletal instability 
and the maximum of muscular effort. 

That bony structure is of greater import- 
ance than muscle power in providing support 
to the foot is illustrated by the well-known 
observation that feet, completely paralyzed by 
poliomyelitis, often have little deformity. Even 
in the complete absence of any muscle power 
to control the position of the foot, flat-foot 
usually does not occur. In such cases, the 
maintenance of a normal contour of the foot 
and the freedom from symptoms of foot 
strain must necessarily be due solely to a 
stable relationship of the skeletal units of the tarsus (Fig. 26), 

In summary we may state that support is provided to the normal foot both by passive 
factors (bones and ligaments) and by active factors (muscles), and that these factors are 
reciprocal. In the average or strong foot, most of the support is provided by the passive 
factors; little load is thrown upon the muscles. Much greater stability and strength for the 
foot can be obtained from the passive support derived from a well-designed skeleton than 
can ever be provided by muscles. The muscles, however, always play some part in main- 
taining balance and supporting the load. This function is least when the skeletal structure 
of the foot is such as to support the body weight vnthout shifting. If the tarsal bones are 
less favorably placed for weight-bearing, in relation to each other, sufficient support may 
still be provided to the foot by increasing that which comes from muscle contraction. The 
less the structural support provided by the skeleton, the greater the contribution demanded 
from the muscles. Within a wide range of what might be called average feet, the comple- 
mentary contributions from the skeleton and from muscles provide satisfactory stability 
and support. When the skeletal units are weakly disposed, however, the load thrown upon 
the muscles is unduly great, and they cannot sustain it continuously. The strongly disposed 
tarsal skeleton can sustain the whole body weight without difficulty, but the same is not 
true of muscles. They can function as important complements to skeletal support, but they 
cannot alone sustain the body weight for more than a brief period of time. 

The strong foot, therefore, is one in which the tarsal bones are so shaped and so articu- 
lated with each other as to bear the weight of the body without appreciable movement be- 
tween them. Its muscles are used to maintain balance, to adjust the foot to uneven ground, 
and, of course, to propel the body in walking or running. The weak foot is one in which the 
tarsal bones are so shaped and are so disposed in relation to each other as to be unstable and 
to shift in position when weight is imposed upon them. Only by increase in the suppoi't 
provided by the muscles can the normal shape of such a foot be maintained and the body 
weight supported. There is a limit to the contribution of this type which muscles can make 
to the support of the foot. The}^ cannot function unremittingly, nor can they ever provide 
such powerful support as can the skeleton. 

In hypermobile flat-foot with short tendo achillis, the skeletal support provided to the 
foot is subnormal, because of a deficienc 3 ’’ in the support provided the talus b^' the cal- 
caneus. In all its vaiudng degj’ces from mild to severe, it demands greatci" effort from its 
muscles than does the more stabh^ constructed foot. In mild or moderate grades of hj'^per- 
mobile flat-foot with short tendo achillis, the contribution of the musclo.s to the support of 
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Fig. 26 

A foot completely paralyzed from poliomyelitis 
for thirty-five years. It is not flat, even when 
weight is imposed upon it. Its arch is maintained 
by a stable tarsus. 
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' the foot may be adequate for all average needs, but there is always a limit to the load 
which can be imposed. In severe cases, there is inability to meet even the moderate de- 
mands of a life of quiet activity. In less severe cases, a man maj^ meet the demands of 
average activitj*, but will break down under the strenuous life of a soldier. 

TREATJtENT OF HYPERMOBILE FLAT-FOOT WITH SHORT TEXDO ACHILLIS 

Ob\dously no single form of treatment is suitable for all cases of hjqiermobile flat-foot 
with short tendo achillis. What is necessary to rescue the severe case from lifelong in- 
capacity is needlessly radical for the mild case. The manj' factors which must be considered 
in planning treatment arrange themselves into three groups: 

First is the great variation in the severity of the lesion. This is dependent upon the 
degree to which the tarsal skeleton fails to provide adequate support to the foot. There is 
every gradation from the normal, completely stable foot, capable of bearing unlimited 
weight without deformity or disability, to the foot so unsound structuralty that it pre- 
sents the extreme picture of severe hypermobile flat-foot with short tendo achillis. Within 
this range, widely different treatment is necessary. In the severe cases, permanent relief 
can be obtained onlj*^ by operation ; onty the simplest management is needed in the mild 
cases. 

Second, age modifies both the type of treatment and the lesion itself. The degree of 
disability caused by the hypermobile flat foot with short tendo achillis increases with ad- 
vancing decades of life. In childhood, even a moderately severe degree of hypermobile 
flaWoot with short tendo achillis may cause no symptoms. By adolescence, it is certain 
to be giving trouble. In young adult life, it will be significantly disabling. At the age of 
forty and over, the disability may be increased by the growing burden of increasing body 
weight, by diminishing strength of muscles, and by the development of additional foot 
.’problems accessory to the mam lesion, (ballnx valgus, osteo-artbrltls, or localiaod points 
of pressure on the sole of the foot with callus formation). These changes in the degree of 
' disability are not the result of increasing structural weakness, but of additional stresses 
W'hich come with advancing years, and the diminished efficiency of the compensatory 
support provided by the muscles. 

Independent of any changes in the degree of disability with advancing jmars is the 
important fact that w'hat may be sound treatment in adult life may be bad treatment in 
childhood. This applies particularly to operative treatment, should it be necessai^L The 
severe cases of hypermobile flat-foot with short tendo achillis can be greatly improved by 
appropriate surgical procedures, but it is imwise to perform these in childhood. These 
should be postponed until late adolescence or early adult life. 

Third, the effort w'hich is demanded of feet influences profoundl}' the degree of disa- 
bility. A life of quiet acthitj"^ with little physical effort, no strenuous sports, and the op- 
portunity to perform the necessarj’^ tasks in the time and manner best suited will often 
reduce disability to the point where it is insignificant. Conversehq strenuous occupations 
or sports, especially those which demand long standing or much walking, will result in 
great incapacity. Such occupations as nursing, laboring, and soldiering are impractical or 
impossible, if the degree of hypermobile flat-foot with short tendo achillis is more than 
moderate. 

The various measures wiiich may be used for the treatment of lu'permobile flat-foot 
with short tendo achillis fall into three groups (Fig. 25). 

1. Measures to Provide Extraneous Support to the Foot: This group includes the great 
variety of accessories and procedures wiiich attempt to support the foot from without 
(such as arch supports, modifications to boots, and special boots). They are of undoubted 
value. By supporting the foot, they reduce the load wiiich otherwise would have to be 
carried by the muscles. There arc decided limitations to their usefulnc-^. Tliev do not alter 
the underlying structural fault, and consequently their effect is only iialliative. .-Vlso. their 
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efficacy is low. Even so they have a place in the treatment of this ailment. Those of mos 
value are (1) arch supports of the Whitman type, made from plaster models of the feet 
and (2) boot modifications. Of these, the most important is raising the heel. A thick inside 
lift from heel to toe is also of some value. 

2. Exercises to Develop Muscle Power: Properly planned exercises, persistently and 
conscientiously carried out by the patient, can increase the power of the muscles which 
motivate the foot. By their use, the support to the foot which can be provided by the 
muscles is materially increased. Boot exercises, properly used, are important in the man- 
agement of hypermobile flat-foot with short tendo achillis, but it must be admitted tha' 
frequently the result obtained from a program of exercises is imperfect. There is a limit t( 
the improvement which will follow increased muscle power, no matter how great tha 
increase be. Too often, also, the best result is not obtained, because of imperfect planning 
of the exercises or failure of the patient to perform his part conscientiously and persistently 
The muscle training must be directed to specific muscles (invertors and plantar flexors) 
and must be maintained continuously for a long period of time. It is possible that im 
provement in the results obtained by muscle exercise will shortly be achieved by the ap 
plication of new principles of muscle development, particularly the principle of heavy 
resistance exercises, advocated by DeLorme. 

3. Operative Measures in the Treatment of Hypermobile Flat-Foot with Short Tend( 
Achillis: For the severe cases of hypermobile flat-foot with short tendo achillis, no forn 
of external support and no program of muscle retraining offers more than palliative relie: 
of symptoms, and even this is imperfect. The patients face a life of semi-invalidism, because 
of the greatly diminished capacity of their feet to bear weight and to propel their bodies 
in walking. Since the basis of the lesion is inadequate support of the head of the talus bj 
the calcaneus, so that, under stress, the head of the talus slides medially off the calcaneus 
improvement can be obtained by fixation of the talus in suitable relationship to thf 
calcaneus. 

This can be accomplished by various operative procedures, but only those whicl 
fuse the tarsal bones are of real merit. Hoke’s subtalar and mid-tarsal fusion,* presented 
in 1921, is effective. The loss of movement at the subtalar and mid-tarsal joints is more 
than compensated by the great increase in stability and strength of the foot. This opera- 
tion, however, is of considerable magnitude and carries with it a risk of avascular necrosis 
of the body of the talus, as pointed out by Marek and Schein. 

Gallie’s subtalar fusion through a posterior approach gives satisfactory fusion of the 
subtalar joint, but leaves the mid-tarsal joint still unstable and hypermobile. This may 
mar the perfection of the result. 

The authors’ present procedure has the merit of simplicity. Through a medial ap- 
proach, the talonavicular joint and the joint between the sustentaculum tali and the neck 
of the talus are fused by removal of their articular cartilage and the implantation of 
cancellous bone grafts. To date the results seem satisfactory, but too short a time has 
elapsed for adequate assessment. This will be reported in a later paper. 

Lengthening of the tendo achillis alone has been advocated and practised for the 
treatment of hypermobile flat-foot with short tendo achillis. It results in considerable 
improvement in the foot, since the invertors of the foot can act to greater advantage 
when freed of the stress imposed by the shoi't tendo achillis. It does not modify the es- 
sential structural weakness and, since it materially weakens the power of the triceps 
surae, it is not a satisfactoiy procedure. 

Operative treatment of h 3 ^permobile flat-foot with short tendo achillis, which in- 
volves tarsal fusion, should not be undertaken in childhood. The plasticitj^ of the bone 
at that age will invite recurrence of the deformity, if stress is placed upon the foot, even 
after successful fusion. Late adolescence or earb'- adult life is best for tarsal arthrodesis. 

* This is not Hoke’s operation for flat-foot, but that for stabilizing paralj-tic feet. 
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We estimate tliat 10 per cent, of the cases of h5’-permobile flat-foot RTth short tendo 
achillis are suitable for treatment by operation. 

General Plan of Treatment 

With so many variables in the problem, it is well to outline a general plan of treat- 
ment of this lesion. It can best be considered in age periods, as summarized below: 

Childhood: Support of the Whitman type; modifications to boots, raising of the heel 
to reduce tension of tendo achillis, inside lift from toe to heel; muscle exercises to de- 
velop power of foot invertors. No operation should be performed, even in severe cases. 

Adolescence: Continue Whitman supports and lift to heel. Eveiy effort should be 
made to develop muscle power. In severe cases a regimen of reduced phj-sical activity is 
needed. In late adolescence, operation ma3’' be performed for the worst cases if the s^'mp- 
toms are justifiablj’’ severe. 

Young Adult Life: Continue Whitman plates if necessarjL Continue use of raised 
heel if necessarjL Operate upon patients with the most severe sj^mptoms. Seek emploj*- 
ment within capacity. 

Maturity: Bj' this time, some degree of stable adjustment has usualtybeen reached. B3'’ 
trial and error, a mode of living has been achieved which demands the minimum of the feet, 
lifliitman plates ma3' be continued to advantage, and are more useful than special boots. 

StTMMART 

The clinical features which distinguish h3-permobile flat-foot vith short tendo 
achillis are: 

1 . A prolonged histoi^’' of some degree of foot disability extending back into child- 
hood, the degree of disability tending to increase. There is often an hereditar3’' tendenc3L 

2 . Flat-foot deformity which is mobile. It disappears when the feet are freed of 
(Weight-bearing, and appears when the patient stands. It can be corrected b3’ muscular 
, effort. 

^ 3 . A short tendo achillis, which limits dorsiflexion at the ankle joint. 

• 4 . H3'permobility of the mid-tarsal and subtalar joints. 

5 . A deformity which is often severe and of characteristic appearance. 

E^ddence from anatomical and roentgenographic studies shows that h3TJermobile 
flat-foot vdth short tendo achillis results from unstable architecture of the tarsal bones, 
especially their configuration and position in relation to each other. This results in im- 
perfect support of the head of the talus b3’’ the calcaneus. 

COXCLUSIOXS 

The common severe flat-foot deformity of childhood and 3'oung adult life is due to 
abnormalities of the tarsal bones, which result in instability of the tarsus, manifested 
when weight is superimposed upon the foot. The chief lesion is inadequate support of the 
head of the talus by the calcaneus. To a degree, the diminished stabilit3" and support of 
the tarsus can be compensated for by increased action of muscles. The3' cannot fulty com- 
pensate for the more severe grades, so that flat-foot of a severe degree results. The clini- 
cal features of the lesion justif3' the use of the descriptive title '‘h 3 'permobile flat-foot with 
short tendo achillis”, to distinguish it from other forms of flat-foot and to indicate the 
chief features of its clinical picture. Treatment is determined Iw the age of the patient 
and by the severity of the lesion. Severe eases are benefited b3' operation, which should 
be postponed until late adolescence or 3-oung adult life. Mild cases and 3'outhful patients 
arc best treated b3' foot supports and muscle exercises. 
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DISCUSSION 

Dr. Frank D. Dickson, KAnsas City, Missouri: I applaud Colonel Harris and Major Beath 
bringing before the Association this important subject of hypermobile flab-foot with short tendo achi 
We of the orthopaedic group have become so preoccupied with the more dramatic aspects of our specie 
that w'e are prone to push aside so prosaic a condition as flat-foot. Royal Whitman said many years a 
“If one has a cut on the finger or a felon, he goes to the hospital and has surgical treatment. If he ha 
painful foot, he is the subject of ridicule and is sent to the shoe salesman for relief.’’ 

Symptom-producing flat-foot is an important part of orthopaedic practice, since it is a widespri 
medical condition ; it is, as well, an economic problem of considerable magnitude. It is, therefore, worthj 
our careful attention, since the main hope for relief rests with the orthopaedic surgeon. Our experience cc 
cides w'ith that recorded in this paper, — namely, that hypermobile flat-foot with short tendo achillis in so 
degree is the most common single form of foot imbalance, that it is the most likel}’- to produce symptoi 
and that it manifests itself in childhood and young adult life. This latter fact is important and should 
constantly held in mind in appraising foot posture in children, for it is at this age that corrective measu 
should be initiated. 

It has long been appreciated that a short heel tendon restricts normal dorsal flexion of the ankle joi 
In consequence, as weight falls upon the foot, in order that the heel may come down to the ground, the c 
caneus assumes a valgus position, the head of the talus rotates downward and inward, and the fore part 
the foot swings upward and out. These complex but correlated movements result in a pronated foot, w 
concentration of weight stresses on the depressed medial border. In the past, it has been taken for grani 
that such a faulty foot attitude ivas due to giving ivay of the wdiole foot structure, the result of stretching 
ligaments and muscle relaxation, following continued excessive stress, and that it w'as concentrated on 1 
medial side of the foot by reason of the short heel cord. The investigations by Dr. Harris and Dr. Beath of 
very persuasive evidence that anatomical abnormalities in the os calcis, and to some extent in the astragali 
resulting in structural faults in the subtalar joint, are the etiological factors in the production not only 
the pronation of the foot, but of the short tendo achillis as well. This is indeed a new^ point of view", but o 
which has sound support. In an extensive series of 3,619 cases, 76 per cent, of the more severe cases of hypi 
mobile flat-foot with short tendo achillis showed weak suppoi-t for the head of the astragalus, due to stri 
tural abnormalities of the os calcis; wdiile only 9.1 per cent, show'ed such structural w^eakness in normal fei 
It w'ould seem that the anatomical abnormalities in the os calcis and astragalus, which have been so deal 
demonstrated, are probably throwbacks to the arboreal foot in which the astragalus, os calcis, and the sii 
talar joint have characteristics resembling those described. 

It should be recognized, however, that probably not all cases of hypermobile flat-foot with short tcni 
achillis are due to anatomical faults of the os calcis or the astragalus. In some, the short heel tendon aloi 
is the etiological factor, — at least, I have seen a very considerable number of such patients respond 
simple lengthening of the heel cord. 

Dr. Edwin W. Ryerson, Chicago, Illinois: From this veiy interesting discussion, one someliow gc 
the picture that a portion of the astragalus swings inward and becomes displaced. That, I think, is a mi 
conception. The talus is held veiy well by the notch into w'hich it fits. Its motions are mostly flexion and e, 
tension, and not lateral deviation. My picture of this kind of flat-foot is that all the rest of the foot, including 
the calcaneus, navicular, cuboid, and the other bono.s, swings around the head of the talus and that the talus 

remains pretty well fixed. r u 

I do not like to lengthen the tendo achillis operative^'’, becau.=e it takes .some time for it to unite. J - 
displaces the gastrocnemius and soleus up toward the knee, and the result is that the calf is not as bcaiitifu 
as it should be. One achieves the .same result by inverting the foot and fixing it in a plaster cast for three or 
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four weeks, and perhaps renewing the cast for another three or four weeks to allow the muscle to stretch. 
The tendo achillis is not short; the muscle hellie.s are short, but the tendo achillis is long enough. 

Dr. Johk R. Moore, PniL.VDELriii.\, Pexxsyi.v.\xi.\: Thi.s paper is verj- interesting because it re\ives 
the probable structural causes contributory to hypermobile flat-foot. PersonaU 3 ', I feel that the authors are 
overstressing the structural defects and minimizing the importance of the muscles and of posture. I do not 
feel that a short heel cord can be diagnosed on the basis of the test shown in the moving picture. If this test 
is the basis for the evidence concerning the short heel cord in this particular tv’pe of foot, I question the 
value of the material. The heel cord must be tested with the knee fully extended and also with the foot at a 
right angle, in order to detemvine whether the heel cord and its muscle are at fault, or whether it is the cap- 
sule of the ankle joint, or some other possible cause. If the knee is hjqjere.v-tended during the testing, even a 
normal heel cord mav' give the impression of being short, due to the fact that the gastrocnemius originates 
on the femoral cond>ies. 

One of the authors stated that Dr. Hoke made a mistake in his analysis of flat-foot, by ascribing the 
principal cause of flat-foot to muscle imbalance. Dr. Hoke did not ascribe the weak foot or the hj-permobile 
foot to muscle imbalance alone, but stressed equally the structural defects and muscle imbalance. He rec- 
ommended lengthening of the heel cord when it is contracted; and he also recommended a scaphocuneiform 
arthrodesis for two purposes, — first, to re-establish the normal astragaloscaphoid fulcrum, and, second, 
to re-establish a sound lever arm for those muscles normallj' emploj’ed in maintaining balance of the arch 
and foot. I feel that the authors have overstressed the structural defects as possible causes of hypermobile 
flat-foot. 

Dr. John L. McDonald, Toronto, Ontario, Canada; I want to compliment Dr. Harris and Major 
Beath for their presentation, and also to express my appreciation for the way in which they explained the 
underlj-ing cause of flat feet in children and young adults. Most of us are thoroughly familiar with the 
clinical picture presented by these patients. Those of us who are associated with children’s hospitals, as I 
happen to be, are also familiar with the large numbers of patients who turn up for relief in the out-patient 
cUnic and in private practice, particularlj’ if one gives them the attention they deserve. 

As I understand it, the arch of the foot is maintained by three main factors: first, the shape of the bones 
and their relation to each other; second, the supporting ligaments; and, third, the supporting muscles. I 
believe Dr. Harris and Major Beath have shown verv- clearly that, in a high percentage of children and 
young adults with flat feet, there is disturbance in the shape of the bones and in their relationship to each 
other. The relationship of the head of the astragalus to the os calcis is verv- clearly disturbed in these severe 
cases. 

In searching for a means of overcoming this disabilitj-, we have found in a great many cases that con- 
servative measures fail to give relief. We have tried various procedures, including foot exercises, corrective 
shoes, and the wearing of Whitman plates; but in most instances patients continue to have flat feet which, 
as time goes on, become a source of serious disability. 

Some twentj' j^ears ago we were much impressed bj* the contribution of the late Dr. Michael Hoke to 
this subject, and were encouraged by the results he obtained by operative treatment. He was of the opinion 
that the cause of the deformitj- was a rotation outward of the fore part of the foot at the scaphocuneiform 
joint, associated with a short tendo achillis. He reconunended fusion of the scaphocuneiform joint after 
correction of the rotation of the fore part of the foot, followed later bv' a lengthening of the tendo achillis. 

We carried out the Hoke procedure on several patients, and were somewhat disappointed in the results 
obtained. Later, we tried the procedure described bj- Dr. Ividner of Detroit — namely, a transplantation of the 
posterior tibial tendon to a new insertion — but here again we felt that, although the feet were improved, the 
results were not so satisfactory as one might desire. This ted us, about sixteen years ago, to a new operative 
procedure, — namely, arthrodesis of the astragaloscaphoid joint, associated with transplantation of the inser- 
tion of the posterior tibial tendon to a new position. We have followed this method since, with verj- gratifying 
results. 

One other point which I believe to be of considerable importance is the most suitable age at which to 
submit the patient to operation. Dr. Harris stated that operative interference should be deferred until ado- 
lescence or j'oung adult life. PersonalK-, I do not think it is nccessaiy to wait so long, and I believe that the.se 
children can be operated upon at ten to twelve years of age with veiy satisfactory results. 

Up to the present, we have reserved the operation for those patients urth extremch' flat feet. 1 think we 
have been too consen-ativc and, as time goes on, wc shall be inclined to operate upon more patients irith 
moderate disabilitj'. 

We have rccentlj- made a studj' of a numlrer of patients, operated upon ten or more j-ears ago, wlio have 
now reached adult life. We arc greatly impressed with the normal appearance of the feet and with the finding 
that the patient.s are able to carry on an active and useful life, without foot di.'abilitj'. 

Dn. .1. Wakren W iti-TE, Greenville, Sotmi Carolina: I have been extremely interested in this .subject. 

I think we all know alxmt the book which Profcs.s<u Dwight wrote many j'cars ago on variations of the small 
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bones of the hands and feel, in which he described astragalar variations. I would like to ask Dr. Harris hi 
opinion about the shortening procedure of the long neck of the astragalus, which I described a few years ago 
I am still doing it and it seems to be working out quite satisfactorily. 

A few words about this elongated neck would appear to be in order, as Dr. Harris has mentioned ana 
tomical variations of this bone. Others than myself have tried to lay the blame for one type of flat-foot upoi 
the shape of this bone and the disturbed function of the tendon so closely associated with its head. In shorten- 
ing the astragalar neck, we are allowing the anterior tibial tendon to function more satisfactorUy and, as we 
saw in the moving pictures, the scaphoid slides back and forth over that i)rojecting astragalar neck. It has a 
hard time rounding the head, so whj'' should we not shorten the astragalar neck and at the same time change 
the insertion of the anterior tibial tendon? It does produce a still greater varus of the fore part of the foot, 
and the insertion of the anterior tibial tendon is displaced farther mediallJ^ This is a distinct advantage in 
giving support for the arch. If, at the same time you shorten the astragalar neck, you go in from the outside 
and make an osteotomj' posterior to the calcaneocuboid joint, you further increase the lateral border and }'ou 
have a more normally shaped foot. That helps in the correction of congenital valgus of the fore part of the 
foot. I have found it of considerable value. 

I would like to hear what Dr. Harris has to say. 

Dr. Compton Riely, Baltimore, Maryland: It has been very interesting to hear these papers, which 
seem to me very important, because it looks as if we know less about flat-foot than we do about many other 
things. I shall never forget a visit I made to Dr. Whitman’s clinic many years ago. I told him I had difficulty 
in the treatment of flat-foot. The first question he asked was: "How do you take the impression?” I said I 
put the foot dowm in the plaster, obtained a mold, made a cast, and then had a support made over it. He said: 
“I am going to show you how wrong that is. I have a flat-foot coming in right now.” He sat the patient on 
a seat, flexed and rotated the knee outward, and put the foot around in position to draw the astragalus into 
line. You remember that Graj' and other anatomists state that the normal direction of the astragalus is 
upward, forward, and out. If the outer extremity of the astragalus is turned up, it throws everything else out 
of line. 

After I went home and took impressions that way, I found that I had entirely different results. He had 
done away with the valgus of the foot. 

We have not only to consider the feet in flat-foot, but also the hip joint, the knee joint, and the toes. In 
many of the cases shonn here this morning, the toes were bound down so that their ends were pressed back- 
ward, causing the foot to be abducted ; also, in an effort to maintain balance, the knee would be hyperextended. 

We all seem to forget that the ends of all long bones have an eccentric action and, if those bones get 
out of alignment — if you have knock-lcnee or bowlegs — you have to do something to the bones. 

One other great cause of flat-foot, in my opinion, is the wearing of short shoes. In recent years, I have 
noticed that a great many babies coming into the clinic have shoit shoes. They do not look short, but the 
toes of the shoes have been so sloped that it makes the shoe much shorter than the child could wear if the 
toes had been vertically higher in front. Another very important thing is to have the arch of the shoes at 
the proper point vuth the proper pitch, and not too high. 

Follovdng the method of Whitman, I have the shoes made and that is all. I do not direct the patients to 
take any special exercises, only teach them how to walk properly, but I see that the arches are put into the 
shoes in the proper place. (All manufacturers whose shoes I have looked at, wliether for men or for women, 
have the arches placed too far forward.) If you will take that into consideration, you should have to do few 
operations. 

As for lengthening the tendo achillis, I have done that, but to me the result was not worth while. 

Dr. Halford Hallock, New York, N. Y.: This paper has been most important. There are many 
causes for flat feet and many pathological factors involved. I think the discussions have brought out the fact 
that we do not know too much about these various causes. The more we find out about them, the sooner 
we will be in a position to apply intelligent treatment. I would like to emphasize this point in the papei, 
that this is another effort toward clarifying the fundamental factors in this entity. A great deal of work has 
been done by many men on the fundamentals, notabl}’’, Hibbs, Hoke, and Dudley Moiton, who really began 
the study of the anatomical variations of the foot and its evolution. Others, however, have been concerned 
chiefly with the front part of the foot, ndth relation to the shortness of the anterior segment. Dr. Harris is 
concerned nith the lower portion of the foot. I think the whole foot has to be considered. I am glad to see 
these factors brought to our consideration, and I hope that other groups will take them up. 

I would like to mention one thing for Colonel Harris’s benefit, that, in the discus.sion of abnormalities, 
nothing was said about the relation of the subtalar portion. Perhaps you would like to include that m a 
consideration of these anatomical factors. 

Colonel Robert I. Harris (closing); It is gratifying and stimulating that our paper upon this ordinary 
subject should have brought forth so much and .such informative discussion. I shall not try to answer all tlio 
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STRUCTURAL PATTERNS OF CALLUS IN FRACTURES OF THE LONG BONES 


I. WTth Reference to Healing after Internal Fixation 

BY EDGAR M. BICK, M.D., NEW A'ORK, N. Y . 

From the Orthopaedic Service of Robert K. Lippmann, M.D., 

The ^fount Sinai Hospital, Xew York City 

A broken bone is healed when a complex, but highly specific, histological and bio- 
chemical reaction has restored the continuity of its network of mineral-impregnated 
trabeculae. The newly formed ossific tissue which effects this reconstruction forms a mass, 
developing at first about the shaft in the vicinity of the fracture, and later invading the 
fibrous soft callus which had previously bridged the fracture space and united the fragment 
ends. This ossific mass has been studied intensive^ from the histological and biochemical 
viewpoint, but its morphological characteristics have been all but neglected since the 
classical work of James Paget, earlj' in the nineteenth centurj"^. Furthermore, the use of 
tracings of roentgenograms, taken at repeated intervals, presents a djmamic rather than a 
static approach to the study of the structural development of the ossific mass, which was 
not available in Paget’s time. Such tracings form a basis for the present study. During this 
investigation, it became apparent that the ossific mass develops along predictable mor- 
phological lines, and that its forms remain uninfluenced by certain factors, but varj’^ in a 
specific direction with others. Recognizable deviations from these norms were often the 
earliest indications of extraneous influences, or of probable, if not irreversible, non-union. 

The form or pattern of the mass often appears grossly irregular and apparentl}’- 
(Vithout design, when examined directly through a wound or surgical incision. However, 

( when its outline is studied by means of tracings of its silhouette made from a good roent- 
''lenogram, a remarkably clear picture of a purposeful pattern can be discerned. A series of 
such tracings was made from a large unselected collection of fractures of the shafts of long 
bones, treated by standard non-operative methods. From these tracings there evolved a 
set of regularly repeated patterns, which followed easily recognizable rules. These patterns, 
after allowance for variations in size and degree of density, and minor variations in contour 
due to the shadows of the ridges and nodules formed in their development, could be cor- 
related with the type of fracture and the relative position of the fragments during the 
gi'eater part of the early weeks of immobilization. In these tracings no attempt is made to 
show the internal architecture of the ossific mass, but rather its structural outline. The 
variations in densitj', which occur within the developing mass and are more or less dis- 
tinctly visible on the roentgenograms, are expressions of differences in the time factor of 
ossification in different areas. EventualU^ a fairly homogeneous density appears in cases 
with normal healing. 

B.vsic patterns 

Type Pattern 

By the end of the sixth week, the periosteal ossific mass in a normalh' liealing fracture 
of a long bone is a firm structure, reaching from a variable distance on each side of the 
fracture space and crossing it. Its thickness in reference to the diameter of the shaft varies 
in circumference and also in its length. It is least at the extreme distances from the fracture 
site, but not necessarily of greatest depth at that site. Often the periosteal mass is deeper a 
centimeter or two away from the fracture. 

Simplest Pattern 

The simplest pattern formed by the ossific mass is that which occurs in fraeture- near 
the ends of the shafts of long bones,— that is, through predominantly cancellous ti.<sue 
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within thin cortex, in ^vhich there is little or no displacement. Figure 1 show's characteristic 
tracings of twm such types: One is a fracture in the low'er end of the fibula; the other is the 
common fracture of the distal end of the radius. Little evidence of an ossific mass appears 
outside the fracture space, either on the tracing or under direct vision at the operating 
table. Most of the ossific mass in these cases is internal, — that is, it derives from the 
endosteum and spongiosa. Since there has been no significant displacement of the axis of 
the shaft, there is no significant shift in the lines of force to which the fractured bone is 
subject. The apposition of the fracture surfaces, even though cemented only by the fibro- 
cartilage of soft callus, is such that little external support is required. This slight addition is 
supplied by the external ossific mass, formed as struts, how'ever small, along lines required 
bj”- the functional compression force in the long axis of the bone. These struts are con- 
structed relatively rapidly, long before the “fracture line” disappears from the roent- 
genogram or from histological sections, and are resorbed to a greater or lesser degree, 
depending upon their functional usefulness, after the fibrocartilage has been replaced by 
the internal ossific mass. The volume of the external ossific mass is in direct proportion to the 
degree of displacement. In the simplest pattern this is, therefore, minimal. 

Patterns Formed with Displacement of Fragments 

The patterns more commonly seen are those exhibited in fractures of the shaft be- 
tween the metaphyseal expansions. Several variants are show'n in Figures 2, 3, and 4. 
Figure 2 is a tracing from the roentgenograms of a fracture of the proximal portion of the 
shafts of the radius and ulna. The radius was displaced to a degree w'hich left no contact of 
the fragments, and this position could not be improved. Hence, until such time as the soft 
callus could be replaced by the ossific mass, a mechanism w'as required w'hich wnuld 
temporarily transmit the stresses to which the fracture w'as being subjected. The most 
economical means of constructing a temporary brace was to drop an ossific strut from the 
lateral periphery of the upper fragment to the lateral surface of the low'er fi’agment, reach- 
in" as far distal as w'as neccssaiy to form a relativelj’’ straight line of transmission of com- 
pression force (Fig. 2,2?). This is the characteristic pattern of all fi’actures of the long 
bones in which there is complete displacement of the fragments of the shaft. In the neigh- 
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boring ulna, displacement was not so great, but was about 50 per cent., i\'ith moderate 
angulation. In this situation, the line of force transmission in the lateral half of the cjdinder 
crossed the fracture line, starting from a considerable distance along the distal fragment. 
As wiW be seen in Figure 2,B, during the development of the strut, the line was dropped 
from the proximal overhanging ledge to the distal portion of the shaft, which is again the 
most economical position from a mechanical viewpoint. In this case, as was to be an- 
ticipated, the fracture lines were still %dsible long after effective healing had been manifested 
by unrestricted function of the limb. The significance of this vill be discussed later, but the 
fact is important in the consideration of the structural pattern. 

Figure 3 shows a variation of the same pattern in a femur with partial lateral dis- 
placement and some angulation. Here again, in the anteroposterior \dew, is seen an ossific 
mass, large enough to be a prolongation of the lateral surface of the lower fragment in an 
almost straight line. On the medial surface appears a smaller strut to brace the overlapping 
medial periphery of the end of the upper fragment. The lateral view shows some displace- 
ment, but no significant angulation. It is obvious, when viewed mechanically, that at this 
point very simple and small struts are required; and such were constructed. In Figure 4 is 
traced the common fracture at the juncture of the middle and lower thirds of the tibia in a 
case where healing was normal in average time. In this case, a narrow band of the ossific 
mass can be seen in the lateral view. This narrow and unilaterall 3 ' prolonged ossific ma«s 
is another variant of the patterns seen in Figures 2 and 3, and is characteristic of manv 


transverse fractures of the tibia at this level with little displacement. In poor roentgeno- 
grams, or when the films are examined too casualh', this tj’pe of case is often referred to as 
showing little callus. This stems from the common misinterpretation of the function of the 
external ossific mass as a welding material. Actualh*, when thi< pattern i's examined from 
the points of view presented here — that is, the mechanical requirement^ for transmission 
of compression along the normal lines of force of the tibia— it will become apparent that no 
moie callus is neccssarj*. 
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These typical patterns were repeated regularb^ in all roentgenograms examined of 
cases in which healing was known to have been noi’mal, and varied only enough to fulfill 
mechanical demands. 


Discussion 


It may be said, therefore, that the pattern of the cxt,ci-nal mass of any fractured bout 
represents the most economical structure wliich will sei-ve as a rigid line of transmission h 
the stresses and strains normal to that bone in its long axis, until such time as osseous 
continuity through the fracture line has been restored. The mass appears first as a partially 
circumferential strut involving the periosteum, and remains in this position until internal 
healing is complete. The quantitative distribution of the mass about the shaft—that is, the 
external portion of the mass — will be conditioned solely’’ by the mechanical requirements 
of the displacement of the fragments. These patterns are characteristic and vary in a 
normal case only with the position of the fragments. Tlie external portion of the mass does 
not ordinarily exhibit a “welding” process. It is not structurally an essential part of the 
union, which takes place far more slowty within the fracture space, except in so far as its 
tissues later invade this space and contribute osteogenic elements to it. Furthermore, the 
external mass is to a greater or lesser degree absorbed after osseous continuity of the shaft 
has been re-established. While its form superficially’’ may^ appear to conform to Wolff's 
law, it is fundamentally not in accordance with it. Wolff’s law refers to a remodeling of the 
architecture of the healed bone in response to function. The pattern of the external ossific 
mass is an external strut or brace which temporarily’- holds two or more fragments in 
position, and transmits stresses outside the direct line of the axis. Wolff’s law may operate 
later in the healed fracture, to restore direct alignment of the trabeculae of a deviated 
shaft. If part of the external ossific mass is required for this purpose during the remodeling 
period, that part may’- be retained, as the residue of the external mass is absorbed. 

The patterns of the ossific mass appear to result from a reaction conditioned by 
physical factors of stress and strain, a fact recognized long ago in Paget’s concept of 
“design”. In an uncomplicated case, very little of this osteogenic material is wasted. The 
ossific mass, when completed, does not extend externally’- beyond the lines which can, 
within a veiy small margin of error, be anticipated. The ossific mass does not “enlarge” 
or “grow” from a single original center of deposition or from sy^mmetrical centers. It may’ 
appear first as a narroAV line along the shaft, some distance from the fracture line; or it 
may, as in Figure 2, appear first as a small node near the line. As the mass develops, sep- 
arate centers rise asymmetrically’-, simultaneously’’ or in sequence, and finally merge. 
However, no such center, in a case lA’ith uncomplicated healing, appears at a false point, 
that is, it never appears more Avidely’’ dispersed or at a greater distance from the fracture 
than will be necessary to form the mechanically required strut. The formation of the 
external portion of the ossific mass may be compared in certain respects to the temporary 
structures used in construction Avork to brace bridges or roofs AA’hile the original beams are 
being replaced or strengthened. IVIiile lield by’ these ossific struts, physiological resorption 
and replacement of the bone ends of the fragments can proceed as part of the process of 
reparatiA’-e osteogenesis, AA’ithout collapse of the fracture space. 


FACTORS GOVERNING THE EXTERNAL CONFORMATION OF THE PATTERN 
Factors Inherent in the Tratwia 

1. Inihience of Periosteum : An obseiwation first brought to general notice by Paget is 
particularly’ pertinent to this discussion. Describing human fractures of long bones, he 
stated that periosteum is rarely’ much damaged, seldom stripped from the fracture line, and 
often remains remarkably adherent to the bone, “eA’en in e.xtensivc fractures . The aiithor 
does not recall seeing this noted elseAA'here, and, in fact, has heard the contrary’ vie\A' statc( 
many times. It has been taught repeatedly, on the one hand, that exce.=^s callus orms uni cr 
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~ Fig. 9 


he surface of stripped periosteum, and, on the other hand, that stripping of the membrane 
rom the surface of the bone prevents callus formation. Neither of these two statements can 
)e supported by direct observation. Paget’s remarks proved surprisingly true in the manv 
;ases of severe open fractures seen abroad during the years of World War II. As he noted 
here was far more often a tear at the fracture site, with periosteum remaining adherent 
:o the cortex even of the comminuted fragments. Lacerated perio.steum alon- the adjacent 
shaft was common enough; periosteal stripping of a centimeter or more was^rare Rc^‘ird 
ess of the appearance of the periosteum, the structure of the external ma-s develonTd in 
meompheated cases as the position of the fragments dictated. Even in certain ca«es*of 
3pen fracture with large wounds in which, for various reasons, excessive callus formed 
subsequently, no significant detachment of the periosteum had been noted at the lime of 
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the primary surgery. In cases of transverse, uncomminuted fractures of the femur, callus 
often reached fifteen centimeters (six inches) or more above the fracture site in the demon- 
strated presence of periosteum which was intact beyond the fracture line. In fact, the 
pattern of the ossific mass cannot be related to the degree of stripping of the periosteum or 
to the extent of its laceration. 

2. Fracture Hematoma: A second factor which at times has been credited with in- 
fluencing the extent of callus formation is the fracture hematoma. While the hematoma 
within the fracture space may or may not be an integral part of the soft callus, its impor- 
tance to the formation of the ossific tissue of bone healing has been at times obviously 
overestimated. The development of a normal, or even extensive, external mass, in cases 
from which the blood had been immediately drained from the fracture area through large 
debrided shell-fragment wounds, precluded the possibility of any important relationship 
between hematoma and bone formation. It has been said that in such cases a secondary 
hematoma, derived from the intra-osseous circulation, replaces that of the original trauma. 
This is sometimes true within the fracture space. However, during the early part of the 
War, before delayed primary suture of wounds had been introduced, certain open wounds 
required repeated dressing because of resistant infection. Secondary hematomata did not 
collect within these wounds to any extent comparable to the excessive external callus often 
found in patients suffering a low-grade traumatic osteomyelitis. Furthermore, the earliest 
development of the external ossific mass often appears in the periosteum, several centi- 
meters away from the fracture space, at levels which are demonstrably not within the 
sphere of a small hematoma. In brief, the concept of Stirling that callus in general is 
formed within a "shut-off chemical factory” is simply untenable. Certainly it cannot be 
demonstrated that the extent of hematoma bears any relation to the quantity of structural 
form of the ossific mass, and considerable observational evidence at the operating table 
indicates that it has no influence whatsoever on its development. 

EFFECT OF TREATMENT ON PATTERN OF THE OSSIFIC MASS 
Non-Operative Treatment 

In all of the cases reviewed for this study, an attempt was made to define a possible 
relationship between the method of treatment and the pattern of the resulting ossific mass. 
(The time factor or relative efficiency of the method is not of concern in this study, which 
relates solely to the form of the mass in normally healing bone.) Closed methods of treat- 
ment of fractures of the shafts of long bones fall into two primary categories, traction or 
immobilization, the latter usually by plaster.* Each of these primary methods is subject to 
variations which attempt to solve local anatomical problems, but do not significantly 
modify the mechanical principles involved. One special group, fractures of the humerus, 
treated by the technique of the hanging cast, may be considered a combination of traction 
and immobilization. The same may be said for a few examples of another technique used in 
combined fractures of the tibia and fibula, — the double-pin plaster technique. 

The success of immobilization or reduction and the efficiency with which the corrected 
position was maintained varied considerably with the type and location of the fracture, 
and with the method used; but the pattern of the ossific mass in each case known to have 
had normal healing reflected the position of the fragments during the period of formation 
of the mass, and bore no determinable relationship to any other factor. 

These observations applj’’ to fractures proceeding to normal healing. Structural 
evidence of impending non-union may appear at any time during the development of the 
ossific mass. The mass may appear in minimal or inadequate quantity (Fig. 5); it may 
develop either above or below the fracture site alone (Fig. 6) ; or it may appear unequally 
on both fragments and fail to cross the fracture line. Its variations are man,y. It may 

* Patients treated during tlie healing stage b3' traction and later maintained in plaster were obvioiisfi’ 
considered traction cases. 
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ievelop apparently normallj’ and, for some reason still unknown, be found involuting after 
1 period of arrest (Fig. 7). On the other hand, low-grade infection following open fracture 
aften acts as though it were a stimulus to excessive osteogenesis; but the mass in these 
cases does not develop normal patterns, and its quantity is never a guarantee that con- 
tinuity will be restored between fragments. 

Effect of Internal Fixation 

A common source of uncertaint}-- in gauging the results of fractures of the long bones, 
treated by internal fixation, is the difficulty in determining the time of effective bone 
healing. Experience has repeatedly demonstrated that, following internal hxation, effective 
stability in the healing bone may be obtained long before roentgenograms give evidence of 
those criteria of union which are ordinarilj'^ sought for in cases treated bj* other methods. 
The patterns of the mass are not those described in the preceding sections. Failure to 
appreciate this fact, or timidity in trusting its implications, has led too often to unneces- 
sarily prolonged immobilization, and has thereby delaj^ed the beneficial effects which 
earlier activity might have afforded. 

It is a matter of common knowledge that the more accurateh’ the fragments of a 
fractured shaft of a long bone are aligned, and the more efficienth' they can be immobilized 
in good position, in the absence of extrinsic irritant factors such as infection, the les.s will 
be the quantity of the external ossific mass. This was demonstrated in the preceding sec- 
tions, and may be related to the description of the simplest pattern. These two objectives 
are most precisely accomplished when fracture surfaces can be brought into hairline 
apposition at the operating table, and can be fixed rigidly by a plate or screw whoso firm- 
ness will bo maintained for six weeks or more. The rigid metal then takes over the tem- 
porary bracing function of the external mass to a greater or less extent, depending upon the 
mechanical soiindncss of its position relative to the fracture line and the efficiencv of its 
application. Therefore, the ossific tissue which forms the external callus, visible on tlie 
roentgenogram, develops to a minimal degree in fractures properly treated by internal 
fixation, because greater (piantity is not functionally demanded. Figure- .S and 9 show the 
characteristic appearance of the external ossific ma.ss produced in well-fi.\ed fractures of 
(1) the radius and ulna and (2) the tibia. Figures 10. 11, and 12 are tracings from case- 
which demonstrate that a plentiful supply of e.xternal os-ific tissue will appear about the 
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fracture site, whenever its presence is functionally required because of poor or inadequate i 
fixation. Therefore, the mere presence of rigid fixation does not in itself prevent or depress 
the formation of the mass. The apparatus must be placed efficiently if it is to take over the 
function of the external mass and make its appearance unnecessary. 

Besides the frequent lack of an anticipated quantity of visible callus in these cases, a 
second factor contributes to the difficulty of estimating healing time. That is the inter- 
pretation of the significance of persisting translucent lines or areas along or adjacent to the 
original fracture line, visible on the roentgenogram. Thej'' are often attributed to any one of 
three possible defects, — distraction of the fragments, failure of callus formation, or the 
inability of the fragment ends to become impacted, following the bone necrosis of the 
fracture surface which is normal to this area in a healing fracture. Often the plate is blamed 



Fig. 12 Fig. 13-A 

Fig. 12: Tracings made eiglit weeks (left) and one year (right) after fixation. 

Fig. 13-A: Eight months after insertion of Vitallium plate, insufficient callus was present. 



Photomicrograph of section taken at the fracture line of case shown in Fig. 13-A. The trabeculae 
of the external ossific ma-s approach, but do not cross, the fracture line. 
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for having prevented the impaction of the fragment ends. The misinterpretation of such a 
translucent area has on several occasions, in the writer’s experience, led erroneously' to 
secondary operation for suspected delayed union. 

C.ASE REPORT 

A woman, aged fifty-four, had sustained a severe closed fracture at the juncture of the upper and middle 
thirds of the tibia and fibula on April 12, 1945. Because other methods of treatment were ineffective, a si.x- 
screw Vitallium plate was inserted on May 3, 1945. Eight months later, the patient was stiU walking with 
difficulty in plaster and by the use of crutches, and roentgenograms showed what was considered to be in- 
sufficient callus, either external or across the fracture line (Fig. 13-A). It was decided to investigate the 
fracture udth a \iew to applying a bone graft. At operation, after the plate had been removed, the bone was 
found to be firmly united. The external mass was represented by a 'thin shell, reaching approximately the 
length of the plate. A strip of this, removed for histological e.xamination, showed thin bands of osteoid which 
approached, but did not cross, the fracture line (Fig. 13-B). Xo tissue for e.xamination was removed from 
between the fragment ends, for fear of weakening the union. Its ob\’ious soliditj' against manual stress was 
sufficient exddence of effective healing. Following this, the patient remained in bed for two weeks to permit the 
wound to heal. She was then tested functionally bj- being urged to bear weight in a walking-iron plaster boot. 
After a few weeks, since no deformity- occurred in the bone, the plaster was removed and unrestricted weight- 
bearing was encouraged. Because of the prolonged period of restraint, this was difficult for the patient. 
However, she persisted, and follow-up examination has demonstrated increased densit 5 ' of the fracture site 
and no subsequent deformity. 


COMJIEXT 

The retarded appearance of visible ossification across the fracture space is due to two 
factors, — one apparent, the other real. The dense shadow ordinarily superimposed over 
this area by the external ossific mass seen in healing, non-fixed fractures is missing in these 
cases. In addition, ossific replacement of the soft callus here comes almost entirely from the 
endosteum and cancellous trabeculae. The customary contribution which permeates the 
ifracture space from the external mass, usually the most rapidly formed, is either absent or 
minimal. At present, the point in time at which replacement of soft callus by the ossific 
mass is sufficient to establish effective healing can only be determined grossly by' personal 
experience. Theoretical considerations aside, experience has shown that it is a disservice to 
the patient, and possibly a deterrent to the later remodeling phase of reparative osteogene- 
sis, to withhold activity" or weight-bearing until the translucence of the fracture line has 
entirely disappeared. 

Until some mechanical determinant of i-esistance to stress and strain is devised which 
can be applied to the living limb, effective healing must remain a matter of judgment 
rather than a matter of fact. The cases studied have demonstrated certain observations 
in restrospect. Our timidity was greater, and consequently' the morbidity period of patients 
following internal fixation was longer, during the earlier years on this Service. As confi- 
dence was gained in the use of functional tests with walking irons or crutches, or, in the 
upper extremity, with guarded activity under observation, morbidity decreased in spite of 
persistent difficulty' with roentgenographic interpretation. 

These observations on the pattern of the ossific mass apply only to cases in which 
internal fixation was efficient, — that is, eases in which full apposition of the fracture sur- 
faces was possible; and screws or plates were inserted in normal bone tissue with correct 
technique, and were placed in positions which were mechanically sound for the purpose. 
These principles do not apply when such requirements are not met, as is the case when 
comminution is extensive, or when the time lag between fracture and operation permits 
the development of secondary changes on the fracture surfaces. In these latter iii'tances, 
experience has shown that the criteria of bone healing, as manifested on the roentgeno- 
gram. must be those applied to fractures which arc not operated upon, and that the den-ity 
and degree of the external ossific mass arc the safest measures of healing. Obviously the 
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patterns formed are irregular and cannot be presented as types. They are a composite ( 
those required by displacement and by partial fixation. 

Note; Abou D. Pollack, M.D., of the Department of Pathology, Mount Sinai Hospital, was kind enouf 
to review with the author the histological specimens used in this study. 
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Hypermobile Flat-Foot with Short Tendo Achillis 

DISCUSSION 
(Continued from page HO) 

various items. Much of the discussion has centered about treatment, particularly operative treatment. We 
deliberately avoided discussion of treatment in our presentation, because we vdshed to emphasize certain 
other aspects of the problem: first, that the foot problem is greatly in need of informed study; second, that 
we lack definite knowledge of the nature of flat feet; and third, that we should seek the important facts 
which will broaden our knowledge of flat feet. Lacking accurate knowledge, we are prone to resort to hypo-, 
theses and, after we have used a hypothesis two or three times, we nearly convince ourselves that it is true 
and a fact, and then we do not worry to seek facts which will support it. ^ 

Further, we wished to emphasize such information as we have been able to obtain by our study regarding 
the importance of the structure of the foot in maintaining its shape, and particularly in providing support for 
the rest of the body. Treatment is a broad subject in this kind of flat-foot because, first of all, it is a lesion 
that is present throughout life. Second, it is a lesion that varies greatly in its severity. There are trivial cases, 
moderately severe cases, and very severe cases. Third, it produces a varying amount of disability from decade 
to decade. It bothers the child but little; it bothers the parents more. In adolescence it begins to give trouble. 
In young adult life it bothers the young man considerably, and certainly it interferes with his function as a 
soldier. In older life it makes the patient modify his way of living. Therefore, one cannot be dogmatic about 
treatment, so we purposely avoided a discussion of treatment in our paper. We think surgical treatment 
should be used in the severe cases, and that it should be used as early as possible without producing serious 
trouble. We have an operation, similar to the one Dr. McDonald described, Avhich we have been using and 
which we think is good. 

The study in the Canadian Army, from which much of this information was obtained, was very much 
broader than this particular problem, as it included all foot problems of men in military training. It was of 
value in determining what the foot problems were in a certain cross section of the male population in Canada, 
in what numbers they occurred, and what thej"^ meant for these young men as soldiers. Should anyone like to 
read the report of this study, it will be published shortly by the National Research Council of Canada. It is 
not veiy easy reading, but it does contain an enormous amount of observed facts, and it ma 3 ’^ be of value 
in the estimation of these problems. 
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CYST-LIKE LESIONS OF CARPAL BONES, ASSOCIATED WITH UNUNITED 
FRACTURES, ASEPTIC NECROSIS, AND TRAUIMATIC ARTHRITIS 

BY A. K. RODHOLM, M.D., AND DALLAS B. PHEXnSTER, M.D., CBJCAGO, ILLINOIS 
From the Department of Surgery, University of Chicago, Chicago 


It is a matter of common knowledge that cyst-like areas of bone absorption occur 
about the hip in degenerative conditions of the joint. These are seen in malum coxae 
senilis, but have also been observed following fractures of the femoral neck and traumatic 
dislocations of the hip, which produce necrosis of the femoral head; in Legg-Perthes 
disease; and in epiphj’^seolysis. Similar areas of bone absorption have been obseri’^ed in 
many instances about joints, other than the hip joint, that are the seat of degenerative 
disease. 

Few references to the occurrence of such lesions about the wrist, in degenerative 
conditions of the radiocarpal and carpal joints, are to be found in medical literature, al- 
though such lesions are not uncommon. Bunnell, in the section of his book devoted to 
traumatic degeneration of carpal bones, presents roentgenograms of cj’^st-like areas in 
the scaphoid, lunate, capitate, and triangular. In each case, trauma appears to have been 
antecedent to the onset of symptoms in the VTist. Bunnell seems to favor the theorj’’ that 
there has been a disturbance of the blood supplj"^ to the affected bones. 

The histories of three patients vdth such lesions of the carpal bones, who were operated 
upon at the University of Chicago Clinics, are presented: 

Case 1. O. T., a meat cutter, aged fifty-eight, was first seen in the Clinics on March 1, 1937, complaining 
of pain and swelling of the right wrist, which had been present for from four to five weeks. No injurj’ was re- 
j membered, but, for from ten to twelve years, this wrist had been thicker than the other. The patient was 
\right-handed and had used a cleaver steadily at his work. Physical examination showed that the right wrist 
\\*as one centimeter greater in circumference than the left. There was no limitation of motion in the wrist, 
but slight grating was noted. Laboratory examinations, including the Kahn test, were negative. Roentgeno- 
grams of the wrist (Fig. 1-A) showed a large cj'sHike area of central absorption in the capitate, and a smaller 
area in the triangular. There was no sclerosis of the surrounding shell of bone. The cartilage of the radiona- 
vicular articulation was narrowed, and the cortex of the bones was obscured. At operation on May 20, 1937, 



J\ 



Fig. 1-B 

Fig. 1-A: Case 1, O. T. .■^septic necrosis 
and central absorjition of capitate. .V. 
Central absorption in triangular, Y. Chronic 
arthritis in wrist vath narromng of cartilage 
space between radius and navicular. 

Fig. 1-B: Views of the c\ci-cfl proximal 
portion of the capitate. 
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itlie capitate was exiiosed through a dorsal 
incision, and an old fracture, mth a narrow 
line, was found in the cortex at the margin of 
the proximal articular cartilage. It had ob- 
\iousIy occurred secondarily, after central 
absorption of the bone. A window was excised, 
which exposed a large camty filled with fibrous 
tissue, yellowish necrotic material, and a small 
amount of fluid. The contents were curetted 
out. Inspection of the proximal articular surface 
revealad that it was yellowed, mottled, and 
apparently dead. The dorsal part of the proxi- 
mal end of the bone was, therefore, removed 
(Fig. 1-B), and the wound was closed. Smears 
of the joint fluid showed many polymorpho- 
nuclear cells and ljTnphoc 3 ’tes. Cultures of this 
fluid showed a growth of Slaphylococms albiis 
after fortj'-eight hours. This was probablj' a 
contaminant, since cultures of fluid from the 
cj’st showed no growth. Guinea pigs inoculated 
with fluid and necrotic tissue from the cyst 
showed no evidence of tuberculosis. Micro- 
scopic sections of the e.xcised tissue (Figs. 1-C, 

1-D, and 1-E) showed that the cj’st was oc- 
cupied bj* partiallj’ necrotic and calcified 
tissue. The shell of bone surrounding it con- 
sisted, in part, of necrotic trabeculae, which 
were undergoing replacement by new bone in 
some areas. The articular cartilage of the ex- 
cised proximal fragment of bone stained 
poorly; it bad been partiallj' replaced bj’ fibrocartilage. The bone imderlj-ing this cartilage was necrotic. 
/ A portion excised from the anteroproximal part of the capitate showed lix’ing bone, covered bj- fibrocartilage. 
''The postoperative course of the patient was xmeventful. -A splint was worn for four weeks. The patient re- 
turned to work two months after the operation, with the wrist practically free from pain and two thirds of 
the normal motion present. He has continued to work, but has avoided strenuous use of the hand, and has 
had no further difficultj'. Figure 1-F shows the condition of the wrist three j'ears after the operation. 

Case 2. G. H., a housewife, aged fiftj--seven, was first seen in the Clinics on -April 4, 1&44, complaining of 
intermittent periods of pain and swelling of the left wrist, which had been present since a fall on the out- 
stretched hand thirty j-ears before. There was pain and swelling for some time following the original injurj-, 
but no medical attention was sought. Subsequentlj-, too active use of the hand resulted in recurrences of pain 
and swelling of the wrist. Phj-sical examination revealed swelling over the dorsum of the wrist and marked 
limitation of motion. Roentgenograms (Fig. 2-.A) showed a cj-st-hke area, without sclerosis about it, oc- 
cupjing the proximal two thirds of the capitate. The navicular was in two parts; the proximal part was 
narrowed and deformed. There were well-developed degenerative changes in the radiocarpal joint. -A fracture 
of the navicular appeared, therefore, to have occurred, with aseptic necrosis of the proximal fragment: non- 
union; subsequent collapse of the fragment, and its transformation; and sccondarj- arthritis. Laboratoiy 
examinations were negative. At operation on April 14, 1944, a partial ostectomy of the capitate and curettage 
of the cj’st were done through a dorsal exposure. Microscopic examination of the excised tissue (Figs. 2-C 
and 2-D) showed that the cj-st was lined by fibrous tissue of varjing cellularity. Bits of bone were found in 
the fibrous tis-sue. The surrounding bony trabeculae were for the most part normal, although there were 
a few subcortic.al are.as of dead bone being replaced bj- living bone. The articular cartilage showed degcncra- 
' tive changes, with extensive replacement bj- fibrocartilage and fibrous tissue. -A plaster splint was applied 
to the wrist, following the operation, and was worn for four wcck.s. The wound healed promptly. Considerable 
restriction of motion in the wrist persisted, but function improved. One of the roentgenograms, taken two 
months after the operation, is shown in Figure 2-B. 

Case 3. H. W„ a steamfitter, aged thirty-five, was first seen in the Clinics on .J:inuan- 9, 1910, cornpLain- 
ing of intermittent pain in the right wrist, which had been present since an injurj' incurred in a football game 
twenty-one years before. The wrist w.as swollen and painful after the injurv, but svmptoms sub-ided in a 
few weeks, to become aggravated agirin whenever Irani work was done. Roentgenograms had ireen taken in 
1913, and these showed that the navicular was in two parts, but there was no evidence of necro-i-- of the 
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Fig. 1-F 


Three j'ears after Fig. l-.A. Wrist is symptom free. 
Arthritic changes in radionavicular joint. Cav'itj', Y, persists 
in triangular. 
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proximal fragment. Theie was cystic rarefaction of the lunate, with a shell of sclerotic bone about the cyst. 
A small loose body was seen near the navicular, and there were tiny osteophytes along the articular surface of 
the radius. Roentgenograms, taken at the time of admission to the Hospital (Fig. 3-A), were essentially 
similar to the earlier roentgenograms. Physical examination showed slight swelling of the wrist, weakness of 
grip, and pain on hyperflexion and hyperextension of the wrist. The blood Kahn test was negative, as were 
other laboratory examinations. At operation, the lunate and navicular were exposed through a dorsal incision. 
The synovial lining was hypertrophied. A pedunculated osteocartilaginous loose body was removed from the 
junction of the lunate and capitate. The fragments of the navicular appeared to be viable, and were not dis- 
turbed. The cyst of the lunate was opened. It contained a small amount of fluid and a large amount of fibrous 
tissue, which was removed with a curette. Cultures of the fluid from the cyst showed no growth. Microscopic 
sections of the excised tissue (Figs. 3-D and 3-E) showed that the bony trabeculae in the wall of the cyst were 
for the most part necrotic. The fibrous tissue of the cavity was also extensively necrotic, and small areas of 
calcification were evident. The wrist was immobilized in a plaster cast for four weeks after the operation. 
One of the roentgenograms taken three and one-quarter months after the operation is shown in Figuie 3-B. 
A roentgenogi-am taken ten months after the operation (Fig. 3-C) showed persistence of the defect in the 
lunate. The area of reduced density in the proximal half of the capitate appeared to be a trabecular con- 
figuration, but may have been a new cyst. Wiien these roentgenograms wcie taken, the wrist was entirely 
painless, and a full range of motion was present. 

DISCUSSION 

In two of the three cases here presented, symptoms dated from an injury to the wnist, 
and in each there was an ununited fracture of the navicular of long standing. In Case 2, 
necrosis of the proximal fragment of the navicular, with subsequent collapse or compres- 
sion, had evidently occurred. In each case, sufBcient time had elapsed for advanced 
revascularization and replacement of the necrotic bone. In Case 1, which involved the 
capitate, there was no definite history of injury, but the man was a meat cutter, and 
repeated small traumata of the bone had probably occurred. In all three, there was his- 
tological evidence of aseptic necrosis in the shell of bone about the cyst. Factors other than 
trauma may plaj)" a role in the etiology. 

The changes undergone by necrotic bone and cartilage, following interruption of 
the blood supply to the head of the femur, have been described by Axhausen, Phemister, 



Fig. 2-A Fig. 2-B 


Fig 2-A' Case 2, G. H. Area of central absoiption in the capitate. Old uniinited fiactine of tlie 

navicular. Arthiitic changes in the radionavicular joint. 

Fig. 2-B: Two months after Fig. 2-A, and after partial excision of the capitate. 
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and others. The necrotic epiphysis may undergo progressive and complete replacemen 
by living bone. Usiiall3'', replacement is irregular and incomplete. Areas of necrotic bom 
may be absorbed and replaced by fibrous tissue, without subsequent replacement b^ 
living bone. These are the cysts seen late in the process. Articular cartilage degenerate 
and is replaced to a vaiying degree bj^ fibrocartilage and fibrous tissue. 



Fig. 3-A 

Case 3, H. W. Aseptic necrosis and central absoiption of lunate. Old ununited fractuie of the 
navicular. Roentgenograms taken thiee j'^ears before showed same changes. 



Fig. 3-B Fig. 3-C 


Fig. 3-B: Foui months after Fig. 3-A, and three and one-quarter months after excision of dorsal h indow 
and curettage of the lunate. Wiist is symptom free. 

Fig. 3-C: Ten months after opeiation. Wrist is painless. 
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WmII of (\sl-lil,(' iiPi'm liiimto Necrotic bone, X, undergoing creeping Dciihc, partially enlcilicd, fibrous lisHuc cxciHcd from continl aicam lunate 

Hubslitiilion by living bone, Y. 
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Pathologically, the cyst-like areas of rarefaction in the carpal bones resemble th 
cysts of the capital femoral epiphysis, and their pathogenesis may be assumed to be esser 
tially the same. The}'' also bear some resemblance to subcortical cyst-liJce areas in th 
femoral head and in the acetabulum at the weight-bearing region in chronic degenerativ 
arthritis. The severity of symptoms in these cases is probably dependent upon the severity 
of the associated degenerative arthritis. Surgical treatment is beneficial, but cannot be 
expected to provide complete relief from symptoms. 
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CARTILAGE AND CHONDROITIN SULPHATE 
III. Chondroitin Sulphate and Inflammatory Lesions of Cartilage * 

BY BENGT SYLVEN, M.D., STOCKHOLM, SWEDEN 
From the Department of Radiopathology, Radiumlmnmct, Slochholm 

The current literature contains discussions of the gross morphology of some in- 
flammatory lesions of cartilage, resulting in cartilage destruction. Knowledge is, however, 
very meager as to the minute details of the actual changes in cartilage during these 
conditions, and all contributing factors are not known. To judge from earlier investigations, 
which will be mentioned later, more exact data are needed as to the content of chondroitin 
sulphate. In the present communication some additional data are supplied, and an attempt 
is made to correlate general biochemical characteristics of inflammatoiy changes vdth the 
morphological details of cartilage destruction due to inflammation. 

Whether or not exudative non-infecRous synovitis induces any changes in articular 
cartilage seems to be unknown, and will not be taken into consideration in this paper. 

The changes in acute infectious arthritis vary according to the type of agent For 
example, rapid and complete cartilage destruction is seen in gonorrheal arthritis, while 
mild destruction or almost none at all is encountered in other types of arthritis. In the 
first classical description, Virchow stressed the breaking up of the intercellular matrix. 

* Aided bj' grants from Karolinska Institutet and from Consul General Axel Ax: son Johnson, Stockholm. 
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This process ^vas studied in more detail bj' Axhausen and Hellner’, who described the 
destruction of cartilage bj’- leukocytic action. The content of chondroitin sulphate did not 
attract any attention, but it seems fair to suppose that the earlj^ disappearance of chon- 
droitin sulphate is a distinctive feature of infectious cartilage destruction 

In chronic rheinnalic arthritis, focal cartilage degeneration (hj-aline or fibrinoid) 
has been reported by Ivlinge, probabh’- preceded or accompanied bj^ a disappearance of 
chondroitin sulphate. Definite statements are lacking, but the suggestion mentioned 
gains some support by Hirsch. When considering this disease, we should bear in mind the 
multitude of factors involved, which include sjmovitis, altered composition of the sraoidal 
fluid, impairment of function, and formation of adhesions. 

Regarding tuberculous arthritis, Heile, using polj’^chrome methylene blue, reported 
the early disappearance of the typical metachromatic staining reaction of the intercellular 
matrix, whereby the collagenous fibrils were unmasked. Similar findings were published 
bj’' Seggel, who also observed incidental remains of metachromatic material in areas 
surrounding degenerating chondrocytes. In a general waj', the tuberculous cartilage 
destruction has been ascribed to the action of granulation tissue (leukoc3’les and l\Tnpho- 
C3’1;es) and of ingrowing connective tissue (“pannus”) 

Various inflammator3'- lesions of other t3’^pes of cartilage have been studied, but no 
attention has been paid to the content of chondroitin sulphate. The end result of such 
infections is usuall3’’ cartilage necrosis. 

The general conception is that cartilage presents a remarkable “resistance” to in- 
fection, which is perhaps partl3’’ attributable to its avascularity. Obmousl3’’, an exception 
must be made for the inflammations due to certain bacteria, such as Neisseria gonorrhoeae. 

There are man3'- possible factors responsible for the cartilage destruction due to 
inflammation; some of the most important will be mentioned. Thus, in the course of in- 
flammatoiy lesions, changes occur in the h3’^drogen-ion concentration "• and in the 
^.low of blood and tissue fluid; and groups of different enz3'mes are interacting. Further- 
more, cartilage cells are opposed to granulation tissue, containing fibroblasts and wan- 
dering cell elements. In a general wa3’-, we are justified in stating that the inflammator3’ 
processes create a new and different medium, containing biochemical factors liable to 
alter the normal conditions of cartilage ph3"siolog3' and nutrition. The deleterious effect 
of growing fibroblasts, as seen in tissue culture, might also be recalled 

^L\TERIAL .A.ND RESULTS 

For lack of sufficient material, onl3' a small number of cases have been investigated. 
With the use of a correct metachromatic staining technique, according to Lison the 
content of chondroitin sulphate has been estimated, and its distribution has been ascer- 
tained. Some technical data and the main results ai-e summarized in Table I. 

To judge from the material taken from patients with tuberculous arthritis and 
osteochondritis (Table I), it seems evident that cartilage alterations are gradual and mav 
be divided into two phases. The first phase of inflammatoi^v derangement of cartilage i> 
characterized b3' a demonstrable decrease in the content of chondroitin sulphate of the 
intercellular matrix, which in other respects seems quite normal. This condition is found 
A in cartilage areas adjacent to actual infiammator3’ foci, but not 3-et subjected to the 
inflammatory changes. Thus, in this stage no appreciable oedema or inflammalorv cells 
are seen. The second phase involves the actual inflammator3' changes ulth cell infiltration, 
granulation tissue, ingrowth by fibroblasts, and subsequent necrosis and digestion of 
cartilage. In this stage of alterations, usually no chondroitin sulphate can be demonstrated 
in the markedly changed intercellular medium. Yet, cartilage on the verge of necrosis 
may show thin pericellular halos of metachromatic stainability, indicating remains of 
chondroitin sulphate. 

According to the observations of Hirsch, the focal lesions of joint cartilage in rheu- 
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TABLE I 

The Estimated Content of Chondroitin Sulphate in Cartilage 
Subjected to Inflammatory Changes 


Material 


No. of 
Cases 


Tuberculous arthritic tissue 
(knee and hip) 


Estimated Content of Chondroitin Sulphate 


Normal cartilage: Large content of chondroitin sulphate. 
Inflammatory foci: 

1. In the surrounding, slightly oedematous, cartilage areas, with- 
out actual signs of inflammation, a gradual decrease in chondroitin- 
sulphate content was observed toward the inflammatory focus. 

2. In the periphery of the lesions, slight and beginning inflamma- 
tion was present, characterized by exudationandleukocyticinfiltra- 
tion; a small amount of chondroitin sulphate was observed. In 
places, chondrocytes with pericellular halos of metachrom'atic 
material were seen. 

3. In the center of the focus, with marked inflammatory signs and 
cartilage destruction, the metachromatic material was lacking. 

4. Necrotic cartilage was devoid of the metachromatic staining 
reaction. 


Tuberculous osteochondritic 3 
tissue (ribs') 

Tissue of chronic perichon- 2 
dritis (ear cartilage) 


Same findings as above 

Sclerosis and slight lymphocytic infiltration of the perichondrial 
connective tissue. No inflammatory changes in the cartilaginous 
tissue itself. 

In its superficial zone, the ear cartilage lacks chondroitin sulphate. 
Somewhat deeper, toward the center of the cartilage, an increasing 
content is seen. 


* Fresh material, obtained at operation, was used, fixed in 8 per cent, formaldehyde solution Section^ 
measuring 5 micra, were stained in 0.1 per cent, toluidine-blue solutions in alcohol at concentrations o 
1 per cent., 30 per cent., and 50 per cent. 


matic disease and infectious arthritis are also accompanied by a corresponding local 
decrease in the chondroitin-sulphate content, as stated. 

The effects of chronic perichondritis were studied in ear cartilage (Table I). Fibrosis 
and lymphocytic infiltration of the perichondrium evidently'- induce a moderate decrease 
in the content of chondroitin sulphate in the superficial part of the underlying cartilage. 
It may also be mentioned that small superficial erosions of ear cartilage, filled by growing 
perichondrial fibroblasts, were found to evoke a similar decrease in ester-sulphate content 
of the neighboring cartilage zone. 

To sum up, it seems evident that the very first sign of inflammatory derangement of 
cartilage, hitherto described, is a moderate decrease in the content of chondroitin sulphate, 
preceding the actual inflammatory lesions. This early loss of ester sulphate must be in- 
duced by the inflammatory process under question. The remaining bulk of chondroitir 
sulphate is rapidly lost when the advancing inflammatory process becomes established 

It should be noted, however, that, in the course of inflammation, cartilage does noi 
present any signs of “dedifferentiation” or of regenerative proliferation. No indications 
of repair by transformation of perichondrial or other fibroblasts were observed 

DISCUSSION 

Considering the active factors responsible for inflammatoiy destruction of cartilage, 
all possible interpretations will be defective for lack of suflScient data. However, in some 
respects the available observations afford a basis for some simple deductions. From an 
academic point of \dew, two separate stages of cartilage changes were distinguished: (1) a 
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gradual loss of chondroitin sulphate, preceding the actual inflaininatorj' changes; and 
^'(2) the actual destruction and digestion of cartilage substance. Some conditions favor 
' tlie opinion that these processes are effected by different chemical factors. 

In conformity vith the opinions presented in the first paper of this series we have to 
emphasize the fundamental importance of the acid reaction of the intercellular medium 
in normal cartilage. From the works by jMenkin on the chemistrj- of inflammation, we 
know that the hydrogen-ion concentration of the infectious foci must be near pH 7, or 
slightly on the alkaline side. Recalling the sensitivity of the native chondroitin-sulphate 
molecule to slight alkaline reactions -, we thus arrive at the following explanation as being 
most likely; It seems probable that the gradual loss of chondroitin sulphate, as stated, 
constitutes a manifestation of a gradual alkaline depolymerization and disintegration of the 
molecule under question, effected by a peripheral spread (diffusion) of alkaline material 
from the central focus of inflammation. Other cooperating factors must not be overlooked, 
such as the possible effects of proteol 3 ’-tic and other enzjunes, produced bj'- growing fibro- 
blasts, bacteria, or inflammatorj' cell elements; and further, a diminished production of 
chondroitin sulphate, either alone or in combination with an increased absorption. Among 
the enzjmies, the possible role of himluronidase has been mentioned 

In the author’s opinion, the inflammator 3 ' shift in pH toward the alkaline side, as 
discussed by Menkin, maj^ be the chief operating factor responsible for the decomposition, 
or disappearance, of chondroitin sulphate. This factor has been omitted in previous 
discussions concerning morphological changes in cartilage. 

Considering the second phase, characterized bj' digestion of the cartilaginous matrix 
and cell bodies, the action of proteolytic enzjmies must be postulated. Such enzjmies maj^ 
be delivered by the different cell types of the granulation tissue. The cultivation experiments 
of Roulet also call attention to the biological effect of growing fibroblasts on car- 
tilage. 

/ As regards the sequelae of inflammatory derangement of the perichondrial connective 
-'^tissue, it seems quite clear from the present results that such changes are capable of 
iiiducing a depletion of chondroitin sulphate in the underljdng cartilage area. Recalling 
the function of the perichondrium we maj’’ suggest that this loss of ester sulphate could 
be a manifestation of impairment of nutrition in the corresponding cartilage. However, 
this question cannot be decided for lack of additional data. Once more, the observation 
of small superficial erosions, evoked by ingrowing fibroblasts (Table I), requires attention 
as to the beha\’ior of fibroblasts against cartilage 

From a phj^siopathological ^de^vpoint, the present results seem to require further 
attention. Considering the stronglj’’ acid reaction of the normal intercellular cartilage 
matrix and recalling that a neutral or slightlj'' alkaline reaction is a prerequisite for 
the propagation of inflammation we are justified in suggesting that chondroitin- 
sulphuric acid, bj"- its acid reaction, affords a protective action against the spread of 
inflammatorj’’ lesions. Judging from the present results, I venture the statement that the 
disintegration of chondroitin sulphate is a prerequisite for the propagation of inflamma- 
tion in cartilage. The possibilitj’’ of an alkali-binding function of chondroitin-sulphuric 
acid (or of its degradation products) must also be considered. Thus, these deductions lend 
\ some interpretation to the well-known “resistance” of cartilage to inflammation. 

In the first paper of this series, the deficiencies of the pre.^ent purely' morphological 
conceptions of cartilage were considered. Before further progress can be made, we e\'identlv 
must gain new and more correct insight into the noi-mal phj'siology of cartilage. In the 
author’s opinion, a correct basis for future research ■\\'ill be obtained bj' apph-ing the 
present knowledge of the chemical and phj'sical characteristics of chondroitin-sulphuric 
acid. This acid substance seems to afford a key to most of our current problems concerning 
cartilage physiology and physiopathology. This opinion is supported by the present 
studios on the phy.siological ossification and the inflammatory changes of cartilage. 
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SUMMARY 

By means of a coi-rect metachiumatic staining technique, the distribution of choi 
droitin sulphate in cartilage during inflammatory conditions has been described. The 
results support the following conclusions: 

Preceding the actual inflammatory changes, a decrease in the content of chondroitin 
sulphate was ascertained. Most of the ester sulphate is lost when the inflammatory 
changes become established. The observed depletion of chondroitin sulphate is probably 
effected by an alkaline depolj^merization and disintegration of the molecule in question. 
Among different contributing factors, the alkaline hydrogen-ion concentration in inflam- 
mation seems to be of prime importance for the interpretation of the observations. The 
disintegration of the ester sulphate seems to be a prerequisite for the propagation of the 
inflammatory process in cartilage, and this in part explains the “resistance” of cartilage. 
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PLASTIC REPAIR OF THE EXTREIMITIES BY 
NON-TUBULATED PEDICLE SIQN FLAPS 

BY JOHX MARQUIS CO^TI'ERSE, M.D., XEM* Y'ORK, X. Y'.- 

From Ihc Department of Surgery, Xew York University College of Medicine and Bellevue Hospital, 
and the Hospital for Special Surgery, Xew York City 

In ^vounds and bums of the extremities, a variable amount of tissue damage is pro- 
duced. Experience has shown that wounds should be closed, and a skin covering should 
be obtained as soon as it is feasible, in order to eliminate infection and to minimize the 
formation of scar tissue. Gaping of wounds is caused by the eccentric pull of the surround- 
ing elastic tissue and by the release of the continuous tension of the deep fascia. When the 
loss of skin and subcutaneous tissue is more apparent than real, closure bj' primarj- suture 
or by late primaiy suture may be possible. However, when there is loss of skin, the raw 
area must be covered bj^ a free skin graft or by a pedicle skin flap. This principle is generally 
understood and applied. Over many wounds the free skin graft provides not only the im- 
mediate “skin dressing”, but also an enduring surface repah. Under certain circumstances,, 
however, free skin grafts are unsatisfactorj’^, and the covering of the wound by a pedicle- 
skin flap is required. The study of the indications, the applications, and the technique of 
using non-tubulated pedicle flaps constitutes the object of this paper. Observations have- 
been made in a series of 781 pedicle-flap operations, performed by the author dui-ing the 
past six years, for the resurfacing of defects, resulting from traumatic injuries of the 
extremities. 


SKIX GRAFTS AXD SKIX FL.YPS : THEIR RESPECTIVE IXDIC.YTIOXS 

The technique of skin-grafting is relatively simple, but skin grafts often fail to “fake” 
■■vsatisfactorilj" when placed over poorly vascularized areas, and give poor protection to 
c’Prtain underlying stmetures, as thej'- are comprised only of the epithelium and a portion 
of the dermis. Skin-grafting is a method of immediate transplantation of skin. 

Pedicle flaps differ from skin grafts in then anatomical stmeture. since thej- are 
formed, not only of epidermis and dermis, but also of subcutaneous fat. The3' constitute 
a method of intermediate '■ skin tran-splantation, because at first the pedicle provides nutri- 
tion to the flap through its arteries, veins, and 13’mphatics. After a few da3-s, the flap ac- 
quires vascular connections with the underl3’^ing bed. Later, after the softening of the 
peripheral scar, it receives vessels from the surrounding tissue. Thus a flap ma3' survive, 
even over a surface presenting poor vascularization. The la3’er of adipose tissue in the 
flap provides elasticit3' and extensibilit3’-, permitting a certain degree of stretching over 
the surfaces of joints. It is also shock-absorbing, and resists the stress of weight-bearing, 
of shoe-wearing, and of commonplace trauma. Subjacent tendons ma3' glide through this 
fat la3'er of the flap, which prevents the recurrence of scar tissue after the latter has been 
entireR' resected. Therefore, when skin grafts are imsatisfactor3', skin flaps are indicated. 

Free skin grafts are unsuitable in five sets of circumstances: 

1. For Covering Densely Scarred Areas 

The complete “take ” of a skin graft cannot be assured, when it is applied over a poorfv 
vascularized surface, containing scar tissue which it has not been possible to resect en- 
tirely, cither because the scar merges onto a joint capsule or bare bone, or because it 
incorporates large vessels or nerves. In such cases, even after an immediate “take", the 
free skin graft may break down secondarih'. This complication is seen particularlv when 
the free graft covers an area of functional stress,— such as a joint like the elbow or the knee, 
or a weight-bearing area of the foot. 
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2. F or Covering Bone 

Free skin grafts will take well over healthy periosteum and will resist ordinal’ 
trauma, if they are not placed in positions of functional st,ress. A free skin graft does no 
constitute a covering which will permit a secondary operation, — such as bone-grafting or i 
joint resection. A free skin graft receives little blood supply from the suiTounding tissue 
so that it cannot be raised from its bed without danger of necrosis. Bare bone, if it is tc 
survive, must be covered by well-vascularized integument. It should be covered at the 
earliest moment by a pedicle skin flap to prevent ischaemic necrosis, elimination of bone, 
possible infection, osteomyelitis, and sequestration. 

3. For Covering Tendons 

Tendons must be placed among tissues Avhich pei-mit gliding, — tendon sheath, para- 
tenon, loose cellular tissue, or lat. In repairing tendons or freeing tendons which are bound 
in an overlying cutaneous scar, the importance of removing all of the surrounding scar 
tissue and of covering the tendons with the adipose tissue of a pedicle flap cannot be over- 
stressed. These constitute the condition sine qua non for the success of tendon plastic 
surgeiy. Tendons, even when they have been carved out of a solid block of surrounding 
scar tissue, may glide, if the.y arc surrounded by fat or loose cellular tissue. 

4. In Peripheral-Nerve Surgery 

A missile may cause injiny not only to the bones, tendons, muscles, or skin and subcu- 
taneous tissue, but also to adjacent peripheral nerves. It has become increasingly apparent 
that, in such cases, the covering of the nerve bj'- noi-mal, well-vascularized skin and subcu- 
taneous tissue is an essential part of the peripheral-nerve repair for the following reasons: 
a: A nerve constricted by scar tissue loses its conductivity. If the nerve is 
anatomically intact, freeing it from the constricting extrinsic scar will usually hasten 
its recovery and will seldom retard it. If the severed nerve must be sutured, it is 
essential that the return of conductivity be unhampered bj^ the scar. / 

h: The covering scar tissue may provide inadequate protection to the ner^’B, 
when it is superficial. The injured nerve may become superficial in position, as n 
result of the destruction of overlying muscles. In healed wounds of the postero- 
medial aspect of the elbow, the ulnar nerve may lie immediately beneath the scar 
tissue or may even be incorporated in the scar itself. 

c: Pain may be caused by the presence of scar tissue around a nerve. Sensory 
fibers from the nerve may become incorporated in the overljdng scar, thus constituting 
a painful scar. Such “ intracutaneous neuromata” can be cured only by total excision, 
and replacement of the scar containing the constricted sensoiy-nerve endings. A 
flexor tendon may become adherent to the median nerve, causing pain by pulling on 
the nerve in the course of its excursion, until the nerve is freed from the binding scar. 
Many incomplete nerve injuries are associated with causalgia-like pains, which ma}'^ 
be relieved by the dissection of the exti'insic scar and by placing the nerve in a new 
bed, where it is surrounded by normal tissue. Pedicle flaps of skin, transplanted over 
the nerve, give the latter a well-vascularized protective covering, which a free skin 
graft fails to provide. 

5. When Secondary Operations Are Necessary in the Repaired Area 

An area in which an operation upon the bones, the tendons, the ligaments, or the 
joints must be performed, or through which it is desired to explore a peripheral nerve, must 
be covered by a skin flap, which alone will be sufficient^’- resistant to withstand the inci- 
sions, the undermining, and the unavoidable manipulations of the operation. The use of 
skin flaps also permits combined simultaneous operative procedures on tendons or nerves, 
the overlying defect being immediately covered by a pedicle flap of skin. 
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GUIDING PRINCIPLES IN PEDICLE SKIN FLAPS 

.•\iter transplantation, the flap must live on its pedicle until, through a process of 
granulation, neiv vessels have grown into the under-surface of the flap from the recipient 
bed. 

The M-idth of the pedicle must be sufficient to ensure arterial supply and venous and 
lymphatic return. In an immediately transferred flap, unless the flap contains a large 
arterial and venous supply, its length should not e.xceed one and one-half times its n-idth. 

Incisions outlining the flap should be carried down to deep fascia, and the flap should 
be raised by separating the fat from the fascia. In this manner, injury to the main nutrient 
vessels traveling through the fat is avoided. The disparit 3 ' of thickness of a transplanted 
flap and the surrounding tissue maj' be a temptation to thin down the fat laj^er at opera- 
tion. Onh' experience can guide in the extent of the resection which maj- be thus practised, 
because of the danger of injuring the nutrient vessels. The line of attachment of the flap 
should cut across the general direction of the vessels, so as to receive the greate.-t possible 
blood supph*. Skin flaps maj* be taken from the immediate vicinitj' of the defect, or from 
a distance from the defect. The former are called local (or contiguous) flaps. 

LOCAL FLAPS 

The possibilitj' of shifting tissue Iij' local flaps is explained bj' the natural elasticltj' of 
the skin, which permits its adaptation to new positions. At no time, however, should this 
elasticitj’ be abused, so that the flap is made to assume its new position under tension. 
Whenever the defect to be covered is not too extensive, and when sufficient tissue is avail- 
able in the vicinitj’- of the defect, its repair bj' local flaps is to be preferred. The technique 
is simple and rapid in comparison to that of transferring a flap from a distance. Local flaps 
generall}’ give a more suitable repair, because adjacent tissue is employed. When the sur- 
rounding tissue is very loose, particularly in older individuals, it is possible to undermine 
v,the skin edges around the defect bj' freeing the fat laj'er from the fascia. This undercutting 
permits the stretching of the skin in straight-advancement flaps. However, it must be 
stressed that the proper use of local flaps implies the mobilization of skin from an area ad- 
jacent to the defect, in such a manner that the secondaiy defect produced maj' be closed 
without causing tension upon the suture line of the primaiy defect. To achieve this, it is 
necessary to shift the flap through an angle approaching 90 degrees. MTien the secondarj- 
defect cannot be closed bj' direct approximation, the flap must be taken from an area 
upon which a free skin graft can be applied without causing anj' functional disturbance. 
Often an advantageous barter of tissue can be carried out, — for example, when a flap is 
raised to cover a tendon, and the secondary' defect is repaired satisfactoriW bj’ a free skin 
graft (Figs. l-.\, 1-B, 1-C, and 1-D). 

Local flaps fall into one of two main tj-pes, — transposed flaps and rotation flaps. 

1. Transposed flaps are raised at an angle to the defect and are then applied over the 
latter (Figs. 1-A, 1-B, 1-C, and 1-D). Such a flap should be borrowed from an area where 
tissue is abundant, so that a direct closure of the secondarj* defect maj* be possible (Fig. 
2). By a procedure of double transposition, popularly known as “Z flaps”, .“shortness of 
skin, resulting in contractile bands of scar tissue, can be remedied. Bipedicle transposed 
flaps are less mobile than unipedicle flaps, and are more limited in their use. Thej* find 
their best application when their transfer is effected bj* a change of plane (Fig. .3). 

2. Rotahon flaps permit the shifting of adjacent tissue along a curved line, on which 
the tension is evenly distributed. There are two varieties of rotation flaps, — the svinging- 
rotation flap (Fig. 4), and the advancement-rotation flap (Fig. 5). The latter flap has been 
little used by the author. The swinging-rotation flap is rendered mobile by a counterinci- 
siomal), the “tail" of the rotation flap (Figs. 4.A and 4,B). .\ftcr the fl.ap hasbeen shifted, 
a secondary defect is produced, which is closed bj* direct approximation. Large secondarj* 
ilefccts may require skin-grafting. The line of suture of the secondary defect tends to form 
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Fig. 2 




Fig. 1-D 


Fig.s. 1-.4, 1-B, 1-C, and 1-D: . 

Transposed flap. E.\amplo of useful \ 
application of a flap, transposed 
from the lateral aspect of the finger, / 
to cover an exposed flexor tendon. 

The raw area, resulting from the 
transfer of the flap, is covered b}' a 
free skin graft of intermediate 
thickness. 

Fig. 2: Transposed flaps. Two 
flaps, A and B, are transposed over 
a defect which left an extensor ten- 
don uncovered. Direct closure is 
possible, after wide undermining of 
the surrounding skin, because the 
skin of the area is abundant and 
Ioo.se. 

Fig. 3: Bipedicle transposed flap. 

A good application of a bipedicle 
transpo.sed flap to cover a patella 
denuded of periosteum. In B, the 
donor area has been skin-grafted. 


a, 90-degree angle witli the line of tension of the flap. In this manner added tension on the 
latter is avoided. The combined use of transposed and rotation flaps has permitted a wide 
scope of applications in the repair of defects of moderate size. 

Limitations of Local Flaps 

The utilization of local flaps is limited bj”- the size of the defect and liy the t 3 '-pe of ti.s- 
sue which surrounds the defect. Local flaps of large size necessitate the shifting of ti.ssuc 
.situated around the circumference of the extremiLv and thus produce a circular scar. 
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Advancement-rotation flap. The excision of the 
triangles at the base of the rotation flaps facilitates 
their advancement and rotation. 



^ r ^ 


A 


B 


Fig. 6 

Delaj'cd flap. In a first stage, A, the 
flap is raised from the underlying fascia 
between two lateral incisions outlin- 
ing the angles of the flap. In a second 
stage, B, the whole flap is raised and 
transplanted. 


obstructing the lymphatic and venous return, at least temporaril5\ When the skin situatei 
around the defect is looselj’- bound to the underlying fascia, it is possible to transpose o 
to rotate adjacent flaps in an efficient manner. This procedure is often possible in th 
upper extremity. In the hand, local flaps are satisfactory on the dorsum, but often fail ii 
the palm, where the skin is thickened bj-- a heavy la3^er of corneum and rendered tight an( 
resistant by fibrous septa, which bind it to the deep palmar fascia. In the lower leg, th 
ankle, or the foot, local flaps must be executed with greater prudence, often after a pre 
liminary dela}’-, because the skin is less elastic than in the upper extremity. When placec 
under any degree of tension, such flaps tend to become necrosed bj" diminution of th( 
blood suppl3\ This danger is the greatest when dealing with the skin of the sole of th( 
foot, which is functionally differentiated skin. In such areas, experience has proved tha 
flaps from a distance are indicated in all but small defects. 

FLAPS FROM A DISTANCE 

Flaps from a distance ma}'^ be defined as distinct from local flaps b3’^ the fact that the3' 
are carried over an area of normal skin, before reaching the defect. Distant flaps ma3'^ be 
taken from a donor site, situated not far from the recipient area; they may be carried 
from the donor site to the recipient area on the forearm, wrist, or hand; or they ma3^ be 
migrated by reimplanting one detached end of the flap into a position closer to the defect. 

Types of Flaps from a Distance 

Flaps from a distance may be called direct when the flap, after being raised, is trans- 
ferred immediatety to the recipient site, and indirect, ivhen it is canied or migrated to the 
recipient area. Such flaps are open, presenting a raw area on the undersurface, or closed 
when this raw area is eliminated b3’’ one of three methods: 

1. B3’^ tubing the flap (Gillies); 

2. B3'^ skin-grafting the undersurface of the flap; 

3. B3’’ covering this undersurface with another skin flap. 

Open direct flaps ma3^ be transplanted undelayed, when, after being raised, they are 
sutured at once into the defect. However, the vitality of sucli flaps may be doubtful : 

1. When the length of the flap e.xceeds one and one-half times its width; 

2. When the flap must be twisted or kinked to reach its destination; 

3. When the flap must be cut counterwise to the direction of the blood suppl3', 
or when it must cross the mid-line. Across the mid-line of the trunk, the blood vessels 
present fewer and smaller anastomoses than the3' have on each side of the mid-line. 
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TABLE I 

^'OMPARATIVE APPROXIMATE LENGTH OF TiME ReQEIRED BT DIFFERENT METHODS OF SkiN REPLACEMENT 


Type of Flap 


Days Required 


Local flap 10 

Free skin graft 10 

Direct pedicle flap 24 

Direct open “delaj'ed” flap 38 

Closed carried flap 32 to 52 

Abdominal tubed pedicle flap, carried on the wrist 53 to 73 


Under these conditions, if the viabilitj’- of the flap is questionable, it should be delayed 
by a preliminary section of the vascular connections of the flap on the sides of the flap 
and beneath it. This procedure causes an increase in the size and number of the longitudinal 
vessels in the flap *. In performing a delayed flap, it is preferable to avoid raising the whole 
flap ; instead, two longitudinal incisions, curved to outline the corners of the flap, are made, 
and the flap is raised from the fascia between these two incisions (Fig. 6). In this manner, 
there is no postponement of the transfer because of an ischaemic necrosis of the end of the 
flap. The transfer of a flap, after dela}*, can usuall}' be accomphshed in ten to fourteen da 3 's. 
There does not appear to be a contra-indication to postponing the transfer of the flap for a 
number of weeks after the delaj’-, as the lateral blood vessels do not grow through the scar 
until after the latter has become softened. It is felt that, if the flap is cut and completeh' 
raised, as is frequentl}' practised, and if necrosis does not ensue, this preliminarj' delaj* of 
the flap is an unnecessarj* and superfluous procedure. It will be objected that the angle of 
^ transfer of the flap maj* be such that it nill not suivive unless a delaj*ed flap is used. If 
ruch an angle is necessarj*, it is probable that the flap was badlj* planned. It is inter- 
esting to note that in the author’s series of 379 flaps from a distance, onlj- eight were 
delaj’^ed flaps. 

A widely knoivn delayed flap is Gillies’s tubed pedicle flap. The advantage of the 
tubed flap is the relativelj* long time required for its construction and transfer (Table I). 
The tubed pedicle flap will remain the method of choice for the transfer of abdominal flaps 
bj* migration to the lower extremity in aged patients, to whom a direct cross-leg flap causes 
too great a discomfort. When, for aesthetic reasons, a cross-leg flap is contra-indicated in 
female patients, the tubed pedicle may be transferred bj* waj* of the wrist. 

Because of their greater speed of execution, direct flaps have been emploj*ed when- 
ever possible in the present series of patients, who were nearlj* all war casualties and voung. 
healthy, male patients. Before anj* flap is planned, it is essential to obtain the exact 
measurements of the defect to be repaired. 

The Apparent Defect and the True Defect 

The true defect is not represented by the size of a cutaneous scar, because contraction 
of the wound occurs in the course of wound healing. Furthermore, the area of the subcu- 
taneous scar always exceeds that of the cutaneous scar, because the skin has been drawn 
over the wound during the process of healing. In consequence, a scarred surface should be 
excised widelj*, so as to remove all of the subcutaneous scar tissue. Scar contraction is 
greater when the skin of the area is loosely bound down to the underlying structures It is 
marked in the vicinity of joints, because the latter have become flexed or extended' thus 
diminishing the size of the healing wound. The healed area thus con.stitutes onlv the ap- 
parent defect, which is smaller than the true defect. The size of the latter mav be deter- 
mined by a procedure whicli wc may call “mapping’'. 
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Fig. 7 

IMapping the true defect. 

A: Shows the apparent defect, rejiresented by the scai-ied area of the left ^ 
upper extremity. 

B: The distances ab and be, measured on the left upper extremity, are transferred to the unaffected 
right upper extremity. The true iiomologous defect can be mapped out on tlie right upper extremity. 

C: The true defect becomes apparent after the e.xcision of ail scar tissue. Compare the size of the 
shaded area in A to that in C. 

Mapping the Defect 

Accurate mapping of the true defect can be done trhen the opposite limb is unaffected 
(Fig. 7 ). The procedure of mapping the defect of a scar contracture of the arm and forearm 
would be carried out as follows; ^ 

The upper e.xtremities are compared; on the affected limb, bon.y landmarks (such as 
the acromion and the radial st3doid) are marked on the skin with ink (Fig. 7 , 5 ). The dis; 
tance ab from the superior limit of the scarred area to the acromion is noted, and an equiva- 
lent distance, ah, from the acromion is marked on the normal arm. 

After the distance from the lower border of the defect to the radial st3doid, he, has 
been noted, the distance he is measured on the normal arm (Fig. 7 , 5 ) ; the upper and lower 
limits of the true defect are thus obtained. The distance between the medial and lateral 
limits of the Scarred area is obtained b3'' pa.ssing the measuring tape around the unscarrecl 
portion of the arm at the point where the scar appears the widest; this measurement is 
noted on the normal arm, and thus is obtained the width of the true defect. 63'' repeating 
these rhanoeuVres, each corresponding point of the true defect can be obtained; these 
points are then joined b3’’ a line, limiting the true defect which will be obtained after the 
complete excision of the scarred skin and underl3dng scar tissue (Fig. 7,C). After the 
extent of the defect has been determined b3'^ mapping, the flap should be carefully planned 
and designed before the operation is attempted. 

The Planning of the Flap 

In planning a skin flap, the following points should be observed : 

1 . The flap operation should cause as little discomfort as possible to the patient. 

This condition is particulars^ important in older patients. It is also an insurance in 
favor of adequate immobilization during the healing of the flap, as a patient who is un- 
comfortable will become restless and endeavor to modif3^ his position. In the repair of de- 
fects of the finger tips, flaps from the thenar eminence to the finger tips, from one finger 
to its neighbor (cross-finger flaps), from the opposite arm to the finger, and from the op- 
positc forpnrni to the finger CtiusG little discomfoit. 

Tiin jouhn'ai- or itosr: ASiy joi.n r stJuoniiv 





PLASTIC REPAIR OF THE EXTREMITIES 


171 


I In the repair of defects of the hand, flaps from the opposite forearm and arm have 
been used often in preference to thicker abdominal flaps for the repair of the palm. The 
use of a flap taken from the opposite upper extremity, chosen for reasons described later, 
necessitates the immobilization of both upper extremities in the cross-arm position. Such 
positions are inconvenient, not only on account of the discomfort, but also because of the 
temporary loss of function' of the arms'. 

The forearm and arm can be covered generally by abdominal or chest flaps. The posi- 
tion of the upper extremity against the trunk which is the least uncomfortable for abdom- 
inal and chest-flap transfers is the following: The hand is placed over the opposite upper 
quadrant of the abdomen; the forearm, elbow region, and arm can then be held firmlj'^ 
immobilized against the trunk by means of a many-tailed abdominal binder. For the 
lower extremit.v, the easiest position of transfer is the cross-leg method, which is not 
unduly uncomfortable, provided that hyperflexion or hyperextension of the knee and ex- 
ternal rotation at the hip joint are avoided and that firm immobilization in plaster is as- 
sured. The discomfort caused by a cross-leg flap is less than that caused by the transfer of a 
tubed pedicle flap carried on the wrist to the lower extremity. 

2. The transfer of the flap should be accomplished as quickly as possible. 

Rapid repair will accelerate the patient’s return to normal activity and work, and 
the date ofany secondary operation is advanced. Direct flaps are the most rapidly executed. 

^3. The~slci7i flap shoidd be removed from a suitable donor area. 

\The raising of a skin flap creates a secondary defect; therefore, the donor area of a flap 
shou'ld be chosen with care, particularly in female patients. 

Whenever possible one should choose a region, such as the abdomen, in which a sec- 
ondary defect may be closed by direct suture. 

''y It is essential to select a region where a secondary defect may be repaired satisfac- 
.•■orily by skin-grafting. A flap should not be removed from over bone which is immedi- 
ately subcutaneous, because the full thickness of the skin is needed to protect the bone. 

The loss of tissue in the donor area should be less important than the repair of the 
primaiy defect. Thus an abdominal defect, created by the transfer of a flap to the hand, 
is of little importance if it has made possible the covering of denuded tendons. 

The best match of tissue texture and thickness is achieved when the skinjaf a homol- 
ogous region can be utilized, — for example, a cross-leg flap. 

The Design of the Flap 

.\fter the extent of the true defect has been determined and the flap to be utilized has 
been planned, an accurate design of the future flap maj' be obtained by the method described 
by Gillies. The recipient and donor areas are brought into the positions they will assume 
during the transfer of the flap. pattern is cut to shape, and fitted as though the operation 
of flap transfer had been finished (Fig. 8,D). The pattern is held to the donor area while 
the recipient limb is displaced and it is then spread over the donor area (Fig. S.E). Its 
1 exact position is noted, and the patient’s name is marked on the pattern, which is sterilized 
' in readiness for the operation. 

The following points should bo observed in designing a flap: 

1. The length of the flap should not exceed one and one-half times its width. 

2. The angle at which the flap leaves the donor area should be as wide as possible, so 
as to avoid a kink detrimental to its blood supply. 

3. Tension on the flap shoukl be avoided, not only by employing a flap of adequate 
dimensions, but by the careful choice of the best angle for the line of attachment of the 
l)ocIicIe flap. 
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^ •• Appearance of defect after evpLl'nn * cioss-leg flap operation. 
li: The liinge flap is raised. " scarred or infected tissue. 


{Conlinued on page 173) 
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Fig. S (.Continued) 

C: The pattera of the defect is made. 

D: The pattern is placed as though the flap transfer had been completed. 

E: The pattern is placed over the donor area and is outlined mth ink. 

F: The flap is raised from the deep fascia. 

G: An intermediate-thickness skin graft is sutured over the defect produced by raising the flap. 
H: Tied-in pressure dressing over the skin graft. 

7: The hinge flap is sutured to the base of the cross-leg flap. 

J: The cross-leg flap in place. Intradermal sutures avoid the need for skin sutures. 



Fig. 9-.\ 


Pedicle-flap covering of the sauccrized bone 
ca\'ity. 

Fig. 9-.\; Shows saucerized granulating cavity 
of the distal portion of the tibia. 

Fig. 9-B: The ca\’ity has been lined with a 
thin skin graft, applied on a mold of dental com- 
pound. (This skin graft over bone is unstable and 
the author feels that this stage is unnecessarj'.) 

Fig. 9-C: The cavity has been covered by a 
cross-leg pedicle skin flap after the removal of the 
skin graft. 



V. B 


Fig. 9-B 



Preparation of Tround for Flap Transfer 

Often a flap is applied to replace an unstable scar, covering bone or incorporating 
within its mass, tendons, nerves, or joints. In an increasing number of patients, the early 
application of a flap to an open wound with loss of tissue is followed by succes.s, if suitable 
preparation of the wound is carried out. 

In the early part of the War, in the cases of this series, all wounds of compound frac- 
tures with loss of soft tissue were treated by the closed plaster method until consolidation 
of the fracture. The soft-tissue defect was repaired early by free skin-grafting, but necessary 
flap repairs were done later-. In many cases, consohdation did not occur; and in some, con- 
siderable necrosis and sequestration of the uncovered bone took place. All in all, the treat- 
ment of such cases was greatly prolonged. Some wounds and saucerized bone cavities 
^ were even skin-grafted so as to obtain complete healing before a flap was contemplated 
' (Figs. O-.-V, 9-B. and 9-C). Wounds with superficial-tissue loss presented added tissue loss 
by ischaemic necrosis of the exposed tissue and bj- infection and suppuration; prolonged 
exudation and suppuration caused nutritional disturbance.s due to protein lo.=s. 

The great advantage of obtaining a rapid covering of such wounds gradually led to 
the earlier use of flaps over open wounds. However, careful consideration should be given 
each wound before operation. Indications for postponing the flap operation are redne.<' and 
oedema of the wound margins, elevation of temperature, and profuse discharge. The pre.^- 
ence of a hemolytic streptococcus in the wound is con.sidered as a contra-indication to 
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operation. Penicillin therap}^ is instit.iiicd, and moist dressings arc applied, with pressurej 
over the wound and with a pressure bandage over the jjoi'tion of tlic'extp-ppiity distal to 
the wound. The immobilized extremity is elevated. 

Windows in the plaster wer(' found to lead to wound oedema; instead, the plaster 
was bivalved to permit changes of di'ossings, if these were I'ctiuii'cd. Closui-e of a wound by 
a flap should not be done when the wound is discharging pus, as this usually indicates the 
presence of infected and necrotic tissue in the depth of the wound. Such a wound can be 
closed by a flap only if comjdetc excision of all devitalized tissue can be done, if the wound 
presents no recesses, and if the wound can be laid flat, in such a mannei’ that the flap can 
be applied without leaving any dead space under it. 

In dealing with compound Iracturcs dhschaiging jJUs, immobilization in plaster is 
necessary. In compound fi'actui’cs of the leg, one should be particularly careful to obtain 
control of the suppuration before covering the wound with a flap, as there is no adequate 
posterior drainage I'oute foi- the shaft of the tibia. Before a jjlastei- is applied, all necrotic 
tissue and loose bone fragments should be removed, recesses in the wound should be 
opened, and the wound should be packed open with gauze. When bone is devitalized 
through exposure, it should be removed .surgically befoi-e the remaining bone is covered 
by a flap, in order to prevent burying dead bone undei’ the flap. 

All flap operations over open infected wounds were considered to justify a protective 
penicillin ‘'cover” which was given postoperatively until the likelihood of invasive in- 
fection was passed. 


TECHNIQUE OF THE TRANSFEK OP FLAPS FROM A DISTANCE 

Certain points of technique ai-e common to all flap ti-ansfei‘s ; others are specific t( 
certain particular flaps. 

I. Techniqve Common to All Flaps 

A. Hemostasis 

A flap of the suitable size and shape having been cut, and the recipient area having 
been completel}’^ freed of all scar tissue, it is necessary to ensure that all bleeding vessel' 
have been ligated, so as to avoid a hematoma under the flap. Silk, of the finest size, ap- 
pears to be well tolerated beneath a skin graft. It is tied with the needle holder. 

B. Suture 

Careful sutui'e of the edges of the flap to the edges of the sun-ounding skin is essential 
to achieve good primaiy healing. Usually the flap is thicker than the surrounding skin 
and subcutaneous tissue ; and thinning of the flap by I'esecting some of its fat is hazardous, 
because it endangers the blood supply to the flap. However, accurate apposition can be 
obtained b}'’ placing numerous U-shaped intradermal sutiu’cs of white silk or cotton so 
that the skin edges are approximated, even without placing skin sutures. These intradermal 
sutures are of special value when immobilization in plaster is cairied out, particularly for 
cross-leg flaps. Thej^ avoid stitch abscesses or even stitch marks, caused by skin sutures 
left under a plaster cast. Epithelial apposition may be completed by placing a few sutures 
of the finest material (size (5-0 silk). Such fine sutures, placed without undue ten.sion, may 
be kept in place for two or thi-ee weeks without causing inflammation. 

C. Elimination of the Rato Area. Skin-Grafting the Donor Area 

One should endeavor to make the procedure of a flap transfer a closed operation by 
eliminating raw areas, produced by the raising of the flap, in the following manner; 

1 By bringing the recipient area as close as possible to the donor area along the line 

of attachment of the flap. 
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Fig. 10; Positions of transfer for cross-arm flap' 
j .I: Flap repair of finger. 

\ B: Bipedicie flap repair of finger. 

^Fig. 11; A: Syndactylism with adhesions of extensor teri- 
dons in the scar and synostosis between the third and fourth 
metacarpal bones. 

B: Appearance after tiie restoration of the mterdigital 
space. 

C: The cross-arm flap procedure was used in this case 
which required a skin flap, rather than a free skin graft. 

Fig. 12: Cross-arm flap. A flap taken from the opposite 
forearm furnishes soft and pliable skin for the resurfacing of 
the palm of the hand. 

2. By skin-grafting immediately or closing by 
direct approximation the raw area, produced by the 
raising of the flap. A split-thickness skin graft, held 
to the edges of the defect by a continuous running 
lock stitch, and maintained by a pressure dressing tied into the defect, gives a satisfactory 
repair (Figs. 8,G and //). When moderate-sized flaps from the abdomen are employed, one 
can close the defect by carefully suturing the wound after extensive undermining. A con- 
tinuous intradcrmal suture with a stainless-steel wire (gauge 35) closes the wound with an 
even distribution of tension. Since the suture is usually well tolerated, it may be left in 
situ from ten to fifteen days. It is preferable, however, to skin-graft the defect, rather than 
to attempt to close it with undue tension. 

3. By employing the hinge flap. 

As stated previoudy, the portion of the flap situated lietween the recipient area and 
the attachment of the flap should be as short as pos^ible. However, in order to eliminate 
completely the raw area under the flap, it ha*- been found advantageous to make a hinge 
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Fig. 13: Covering of a circular defect of the thumb. 

A: Outline of direct flap on anterior lateral aspect of the right arm. 

JB: The flap is raised; an immediate skin-graft covering is provided to the raw area left by the raising 
of the flap. 

C: Appearance of circular defect of the left thumb after excision of the scar tissue. 

D; The brachial flap has been applied to the thumb defect. 

Fig. 14: A: Circular loss of sldn of the left thumb, as a result of crushing. 

B: Replacement of sldn covering, as shown in Fig. 13. 

with normal skin on the side of the defect opposite the attachment of the pedicle flap 
(Fig. 8,5). This hinge flap is sutured to the undersurface of the main flap, thus closing it 
completely along its base. The hinge flap has been shown to present the following four 
main advantages: 

a: The avoidance of infection and suppuration on the undersurface of the flap, 
particularly when the defect presents exposed tendons, which are especially suscepti- 
ble to infection. 

b: The avoidance of inflammation after the section of the pedicle along the line of 
secondary suture, because the area has been kept rigorously closed by the hinge flap. 

c; The elimination of tension, and thus of inflammation and of delayed healing, 
along the line of suture of the sectioned pedicle. It was noted repeatedly that, when 
there was an excess of tissue, such as is provided by the hinge flap, thus eliminating 
tension, healing occurred satisfactorilj'-. Slow healing due to tension along the line of 
section of the pedicle was seen particularlj^ in flap repairs of the foot. The adoption of 
the hinge flap greatl}^ accelerated the healing time of such wounds. 

d: The hinge flap, which is made with healthy tissue, helps to gi^'e the main flap 
strong vascular connections, particularlj’- when the latter is applied to a poorly 
vasevdarized area. 

D. The Length of Time Before the Separation of the Flap 

Under ordinary circumstances, flaps ma 3 '- be separated around the fourteenth day. 
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.4: Tj^pical position for the repair of the palm by a flap from the opposite forearm. 

B: U-shaped splint, made with padded wire, immobilizing the upper extremities. 

Fig. 16: Various positions for the transfer of abdominal flaps to the hand and forearm. 


When conditions are unfavorable for the normal revascularization of the flap, as tvhen the 
flap is placed over denuded bone, about t\vent 3 '-one daj's should elapse before the separa- 
tion of the flap. When the whole of the defect cannot be covered in one stage, the portion 
of the flap applied in the first stage must serve as the base for vascular supp^’ of the whole 
flap in the second stage. It is prudent to wait twentj'-one dax's before sectioning the flap, 
so as to permit the newh" transplanted flap to acquire strong x’ascular connections. 

II. Technique Particular to Certain Flaps 
A. Flaps to the Upper Extremity 

Flaps to the upper extremitx' are of two main varieties: flaps transferred from one 
upper extremitx' to the other, or cross-arm flaps, and flaps transferred from the trunk to 
the upper extremitx". One or the other of these flaps was used in the repair of the various 
' segments of the upper extremitx'. 

1. Flap Repairs of the Hand and Forearm: 

In repairs of the fingers, the interdigital spaces, and the palm of the hand, the author 
has used cross-arm flaps, taken from the homologous upper extremitx*. In spite of the im- 
mobilization of both arms, this procedure is preferred in man\' cases, because the skin 
transferred is thinner, softer, and more pliable than abdominal skin. Figures 10, 11, 12, 1.3. 
and 14 show the various positions of transfer of such cross-arm flaps. In cross-arm flaps, a 
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Fig. is 

.1 ; Suppurating infected wound of the forearm, surrounded by area of scar tissue. 

I’.: .\fter transfer of direct abdominal flap, according to the technique described in Fig. 17. 


U-slttiped splint provides firm immobilization of the e.vtremities (Fig. 15). Abdominal 
fiaps have been used for the repair of defects of the dorsum of the hand, of the forearm, 
and of the elbou' region (Fig. 16). The upper e.vtremity is held against the trunk and im- 
mobilized during the transfer by adhesive tape and many-tailed bandages. Relaxation of 
the abdominal wall is obtained by elevating the patient’s head and lower extremitie.s. This 
position permits, in many case.s, the direct suture of the abdominal defect. .-Iji abdominal 
flap may have the ba.se of its pedicle above or below. Theoretically, a flap taken from the 
upper part of the abdomen should have its pedicle based above, so as to receive a blond 
supply from the branches of the internal mammary artery; a flap taken in the lower part 
of the abdomen should have its pedicle based inferiorly, so as to receive the branches of 
the deep epigastric artery. Practically speaking, the po-ition of the base is determined bv 
the site to be repaired. In defects of the dor.sum of the hand and of the dor.-al a.spect and 
radial border of the forearm, an abdominal flap based above is used. In repairs of the volar 
aspect of the forearm and its ulnar border, a flap ba-'ed inferiorly is applied fFigs. 17 ;ir„i 
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Fig. 19 



A B 

Fio. 20 


Fig. 19; Diiect abdominal-flap icpair 
of the elbow. 

A : The abdominal flap has been raised 
and the abdominal defect has been closed. 
The flap is read}"- to be applied to the 
elbow defect. 

B: Suture of the hinge flap. 

C, D, and B: Suture of the flap. 


Fig. 20: Abdominal flap repair of the 
elbow. 

A: Incisions at right angles delimit the 
flap, destined to cover the elbow region, 
when the joint is ankylosed in a 90-degrec 
position. 

B: The elbow is placed in a pocket, cre- 
ated by undermining the abdominal skin. 


18). Abdominal flaps to the hand and forearm are often thick and usually necessitate 
subsequent thinning. A fetv weeks after the flap has healed, one half of the flap is raised, 
and a la 3 '’er of fat is excised. The other half of the flap is left attached, so as to ensure the 
vascularization of the flap. A few weeks later, the same procedure is carried out nith this 
latter half of the flap, which is thinned in the same manner. 
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Fig. 21: A thoracobrachial flap. 

.4; Defect of the posterior medial aspect of 
the right arm. The patient presents an ulnar- 
nerve paralyas. 

B: The thoracobrachial flap during transfer. 

C: Satisfactory resurfacing of the arm. The 
ulnar nerve was sutuied later. 


Fig. 22: A: Compound fracture of the elbow. 
A resection of the joint is necessarj’. Adequate 
sofWissue covering must be provided. 

B: A direct abdominal flap has been applied 
after complete excision of the scarred and in- 
fected tissues. Note the generous size of the 
flap and also the position of the upper extremity 
against the trunk. 

C: The flap after healing. The donor area on 
the abdomen has been partly closed by direct 
approximation. The lemaindor of the defect has 
been skin-grafted. 
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Fig 25 

Suspension-elevation of the lower extremities after a cro-s-lcg flap Tin- position faiors venoii- 
and lymphatic drainage and simplifies the nursing rare of the patient 




Fig 26-B 


Fig 26-A: Flap repair of the heel. Show - po-itioii of transfer of the flap for repair of tlie heel. 
Fig 26-B’ Similar position for flap repair of the posterior aspect of the leg 


2. Flap Repairs of the Elbow: 

, For the elbow region, a flap raised just above the iliae crest is employed (Fig. 19). 
In the lower abdomen, the superficial fascia contains elastic tissue in sufficient abundance 
to comprise a separate stratum, the fascia of Scarpa. Flaps taken from this region present 
a natural elasticity and are particularly Miitablc as a covering for a mobile region, such 
as the elbow. In repairing the medial surface of the elbow, a flap with a pedicle based above 
is used. When the lateral surface need« a flap repair, the base of the flap is placed inferiorly 
(Fig. 22). When repair is needed on both the lateral and medial aspects of the elbow, a 
flap based inferiorly is used to cover the lateral surface, and the olecranon is buried in a 
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Fia. 27 


Flap repair of the sole of the foot. A: Wound with skin loss of the medial poition of the sole 
B; Repair b}’’ a flap from the opposite leg, as illustrated in Fig. 24,^4. 


puc'ket, produced by undermining tlie base of the Hap (Fig. 20). The upper edge of the 
abdominal skin defect is sutured to the edge of the defect on the medial aspect of the el- 
bow. In a second-stage operation, two or three weeks later, another flap, based upon the 
portion alreadj'^ inserted upon the lateral aspect of the elbow, covers the medial aspect. 


3.' Flap Repairs of the Arm: 


Thoracobrachial flaps present relatively little discomfort during transfer. These 



flaps are based posteriorly for the repair 
of the posterior aspect of the arm (Fig. 
21), and anteriorly for the anterior as- 
pect of the arm. 

B. Flaps to the Loioer Extremity 

Cross-leg flaps are usually per- 
formed to procure a skin covering to the 
bones of the leg or of the foot. The donor 
site for the flap is usually the posterior or 
the posteromedial aspect of the oppo- 
site leg, various positions of transfer 

Fig. 28 

Flap 1 epair of the anterior i egion of the foot. 

A: Position of tiansfer of the flap. 

B: Aspect of the foot before the excision of 
an indolent ulcei and scar tissue. 

C: Skin replacement bj”^ a flap of healthy 
vascular skin and fat. 
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Fig. 29 


Cro'^Ieg flap o\tT compound fractun- of the left leg. uHh lo-- of =oft ti'-ue and of Ixrne, n-^lting 
from a gunshot wounil in a hunting accident. 

.1 and n .V^pect of wound of the left leg on May 14. 1946. eight month- after the accident 
Draining sinus, through which ^^eque-t^a an- eliminated, is surrounded bv an area of infected ami 
scarred tis.sue 

C .Vppearance on Jul.v 16, 1946. Defect luis been covered bv a cro-s-Ieg flap, taken from th 
posterior aspect of the right leg Ifcaled donor area on the left tlnVli i- -een Skin graft wie- remov, d 
to cover the donor area of the flap on the right leg. 

D .\s^jct of tlotior an-a of the flap on the po-tenor .a.spc-ct of the nght leg The -km gralt of inter- 
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Fig. 30 


/I; Roentgenogram sliowing non-union of tibia witli considerable loss of bone. Note hypei'troph 3 " of 
fibula with varus dcfonnitj' of ankle (from weight-bearing in a brace). (Case shown in Fig. 29.) 

B: After transplantation of the fibula into the tibia and filliig in of the gap nith iliac bone (operation 
b 3 ^ Dr. T. Campbell Thompson). Note correction of varus (Jefo)mit 3 ' of ankle. 
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Fig. 31 


Transposed flap for defect of the thigh with e.vpo.sed bone. 

4 • Defect of the thigh. The uncovered femur is necrosed. 

Complete closure has been obtained in one stage b 3 ' complete o.vci.sion of all sciir lissue, re.'-eelion 
of ail necrotic bone, and covering the area b 3 ’- a transposed flap from the lateral a.spect ot the thigti 
Tlw secondary defect was covered by a free skin flap over the fascia lata. 
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The closed carried flap. 

ri; Outline of incisions for the abdominal flap and for the hinge flap on the forearm. 

H: The abdominal flap and the hinge flap have been raised. 

C: The abdominal flap is attached to the forearm. 

D: The abdominal flap has been detached from the abdomen. The resulting raw area has been cov- 
ered by skin grafts. 

E: The carried abdominal and the antebrachial flaps arc separated. 

F: The scar tissue on the recipient area has been excised. 

G: The carried flap is placed over the defect. The remainder of the carried flap will l)e detached from 
the forearm, in order to provide covering to the whole of the defect on the leg. The antebrachial hinge 
flap is then replaced in its original site, as in -1. 

being used, — the two legs arc either parallel or crossed (Fig. 2.3). In a first step. 
Uic scarred area is widely excised, and a skin graft of intermediate thickness is re- 
ifiovcd from the thigh. In some cros.s-leg flaps, such as in the covering of a heel, the whole 
Itroccdure can be performed on the patient lying ventrally (Figs. 20-A and 20-18). In most 
cases, however, it is necessary to turn the patient on the operating table, in order to pre- 
\)are the flap on the donor leg and to suture the skin graft into place (Fig. S). 

.Vfter the pressure dressing has been immobilized by means of sutures, the patient i^ 
again ttirned. and the flap is applied over the defect. Interrupted U-shaped infradermal 
sutures are placed at regular intervals, so as to produce an accurate apposition of the edge^ 
ot the (lap to the edges of the defect, even without skin sutures, and even when the latVer 
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aie of iinec[uiil thickness. Alter the flap has been sutured in place, the lower extremities ar 
immobilized in their position of transfer by a carefully applied plaster. A table of th 
Hawley type facilitates this procedure. The wounds are not touched until, at least tw( 
weeks latei, the plaster cast is cut and removed, and the pedicle of the flap is sectioned 
During the period of immobilization in plaster, the extremities should be elevated (Fig 
25). This position favors vascular and lymphatic circulation and simplifies the nunsinj 
care of the patient. 

Various positions of transfer are used, according to the portion of the lower extremity 
warranting repair : 

1. Flap Repairs of the Foot: 

The covering of the distal portion of the foot (Fig. 28), of the dorsum, and of the heel, 
over the calcaneus or tendo achillis (Figs. 26-A and 26-B), is readily achieved by using the 
positions of transfer illustrated. Alore difficult is the flap repair of the sole of the foot, 
where the flap' must be large in size and must heal per primam, so as to provide an un- 
scarred pad of skin which will permit weight-bearing (Fig. 27). The repair of the inner 
half of the sole of the foot has been best achieved bj’- an oblique flap, raised along the 
posteromedial aspect of the opposite leg (Fig. 24,A). For the transfer of a flap to the outer 
half of the sole, it has appeared preferable to cross the legs, taking an oblique flap from 
the posterolateral aspect of the opposite calf (Fig. 24. B). 

2. Flap Repairs of the Leej: 

In covering the. anterior or medial aspect of the leg, a flap taken from the posterior 
region of the opposite leg should be used (Figs. 8, 29, and 30). The two legs are held paral- 
lel or crossed, whichever position permits the complete covcilng of the defect. Vflien a 
flap repair must be carried out in the lateral portion of the leg. it is necessary to cross the 
extremities (Figs. 8 and 23,A). 

3. Flap Repairs of the Region of the Knee: 

A flap taken from the opposite calf will provide a covering, when a local flap taken 
from the thigh does not suffice, 

4. Flap Repairs of the Thigh: 

In the present series there has not been a single case of the use of a distant flap for a 
defect of the thigh. Local flaps from the generall.y abundant tissue of the region, combined 
with skin grafts, have been used (Fig. 31). 

C. Fnusual Types of Flops 

1. Extensive Flap Repair of the Loirer Extremity: The ‘‘Closed Carried Flap’’: 

By a method which we have called the “closed carried flap’’, rapid massive-skin 
eovei'ing of the lower extremity has been achieved in four cases. A summary of one of the 
case histories will describe this procedure: 

A jiatient wlio liacl suffei'ed multiple comj)ound fractui'e.s of the right tibia twelve years previoii.‘!ly, 
complicated by osteomj'elitis, ju-esented a densely scarred area, covering the anterior aspect of the right knee 
and of the right leg over an area of 12 bj" 17 inche.';. The scarred area was e.xtremely unstable and, because) 
of repeated breaking down of the area, was thicklj'^ fibrosed. Degenerative malignant changes were feared 
in the ulcerated areas. The knee was ankjdosed in extension, and it was pos.sible to raise the lower extremit}' 
without undue discomfort to the patient (Fig. 33,4). 

In a first-stage oijeration, a right oblique abdominal flap whose undersiu'face was covered by a hinge 
flap from the right forearm was attached to the latter (Fig. 32, B and C). 

In a second-.stage operation, three weeks later, this closed flap was detached from the abdomen and 
carried on the forearm to the right leg, where it covered about three-quarters of the defect, from which the 
scarred area had been excised previously (Figs. 32, F and G, and 33,5 and C). 

In a third-stage operation, eighteen days later, the flap was sectioned, separated from the arm, and 
f-utured to the remaining defect on the lower e.xtremity. 
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Such a closed carried flap is a rapid 
method for the repair of defects of the leg, too 
jxtensive to be covered by a cross-leg flap 
(Fig. 33). Its application is limited, because of 
the discomfort occasioned by the position of 
transfer. Tubed pedicle flaps, migrated or car- 
ried from the abdomen, constitute the alter- 
nate method. 

2. Bipedicle and Multipedicle Flaps: 

In abdominal flaps to the hand and fore- 
arm which must extend from the palmar sur- 
face to the dorsal surface of the same hand, it is 
advantageous to be able to lengthen the flap 
by adding a pedicle. 

A circular loss of the forearm maj' necessi- 
tate a skin-flap repair by a bipedicle flap. The 
flap is made to cover about three-quarters of 
the circumference, — the dorsal, medial, and 
lateral aspects of the forearm. The volar sur- 
face is applied against the abdominal wall. In 
a second stage, each pedicle is cut; sufBcient 
length to cover the volar surface is allowed. 

D. Failures in Flap Transfers 

The failures which are met with in the 
com-se of the transfer of pedicle flaps may be 
\iue to necrosis, to infection of the flap, or to 
improper postoperative care. 

1. Failures Due to Necrosis: 

Necrosis of the whole flap or of a portion 
of the flap, generally the distal end, because of 
a deficiency in the blood supply, may be 
caused by various technical errors. The propor- 
tions of the flap maj' be such that the pedicle is 



Fig. 33 


Repair of extensive scarred area of the right 
knee region and right leg by the “closed earned 
flap”. Chronic osteomyelitis of the tibia had 
developed. 

A • Respective positions of the right upper and 
lower extremities during the flap transfer. 

B. Appearance of the carried flap during the 
transfer. 

C . Aspect of the flap repair of the right lower 
extremity. 


not made enough to permit the surxdval of a portion of the flap. A flap with sharp angles 
suivives mth difficulty. The size of the flap maj" be too small. In an effort to provide a 
covering to the defect, the flap is sutured into position under tension. Marked twisting, 
kinking of the flap, or placing the flap under tension maj- occur, either as a result of bad 


designing and planning of the flap, or because the position of transfer is inadvertently 
changed, when the immobilization of the donor limb is secured. This is a frequent com- 
plication during the application of a plaster for the immobilization of a cross-leg flap. To 
( obviate this danger, the two limbs should be firmly immobilized on an ortliopaedie table 
^before the plaster is applied. 

Not more than moderate pressure should be applied over a flap, lest the venous return 
be obstructed and superficial necrosis, blistering, epidermal desquamation, or even a lo^" 
of a portion of the dermis be the result. A frequent mistake in the covering of poorly 
vascularized areas i'- the employment of a flap that is too small. It is essential that tlie -^car 
tissue of such areas be w idely excised; and a flap that is to cover an area devoid of a normal 
blood supply should extend widely into the normal tissue around the defect. In this man- 
ner. the flap will derive a sufficient blood supply from the surrounding wetl-va=cularized 
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tissue. Failure to provide a wide area of insertion of the flap may ro.sult in necrosis of 
portion of the flap, when the pedicle is sectioned. Separation and gaping over the seconda 
suture line after the section of the pedicle of the flap were a frequent complication, when' 
the flap was cut too small. The hinge-flap procedure assists in obtaining a vascularized 
base of insertion, 

2 . Failures Due to Infection: 

Infection in the flap itself is rare, because of its resistance to infection, even when 
applied over a septic area. We have alreadj'- discussed the preparation of wounds before 
the application of flaps. The covering of a grossly suppurating wound by a skin flap is 
generally a mistake. The flap acts as an obstruction to the drainage of a wound which 
should be left open. 

3 . Failures Due to Improper Postoperative Care: 

After a successful flap transfer, there may occur complications, due to the imprudent 
treatment of the freshly transplanted tissue. This tissue has been severed from its nerve 
connections; it presents no sensation, nor do the inactive sebaceous and sweat glands pro- 
vide the skin with its normal lubrication. The patient may unduly traumatize this insensi- 
ble patch by exposing it to heat and burning. The burn sustained by laying the foot, 
newly covered b}^ a flap, over a hot radiatoi- is a t3^pical complication. Even prolonged 
exposure to the sun’s raj'^s maj^ cause desquamation of this already diy and scaly skin. 

The vascular connections are delicate for weeks after transplantation; slight trauma 
may cause ecchymosis, hematomata, blistering, and ulceration of the flap. Due to the 
peripheral barrier of scar tissue, the venous drainage is sluggish and the Ij^phatic circula- 
tion is re-established onlj’- graduall3^ The venous return from the flap is impro\'od by the 
wearing of a pressure bandage over the flap for months after the flap transfer. Massage 
will improve the circulation and hasten the softening of the peripheral scar. After th'i^ 
transfer of a flap to a weight-bearing area, the patient should avoid full weight-bearing 
for man3'’ months, until the peripheral scar has softened and a normal circulation has been 
re-established within the flap. Care should be exercised in placing secondaiy incision lines 
and in undermining flaps at the time of a subsequent operative procedure, — such as a 
bone-grafting. Necrosis of the flap ma3'’ occur, if an incision is placed in the center of the 
flap and if the latter is undej-mined laterall3^ The flap is then left hinged upon lines of scar 
tissue, and the blood supply is insufficient. Furthermore, even if healing takes place with- 
out incident, the presence of three scar lines, instead of two, does not enhance the circula- 
tion of the flap. It is essential, on the contrary, that the secondaiy incisions be placed in 
former suture lines and that not more than one-half of the flap be raised, the other half 
being left attached to maintain the blood suppl3^ 

APPLICATIONS OF PEDICLE FLAPS TO THE COVERING OF BONE 

The covering of bone constitutes one of the most important indications for the emplo3^- 
ment of pedicle skin flaps. Such flaps ma3'^ be required for the covering of bone, denuded by 
the avulsion or the crushing of the overling soft tissue; for the covering of fractured 
bones in compound fractures; and for the replacement of unstable, insufficiently protective, 
inadequately vascularized scar tissue for the resurfacing of areas of traumatic osteomycliti.s/ 
and of bone cavities. A special application in this series has been the covering of the defect 
resulting from leg-lengthening. 

A, Early Covering of Denuded Bone 

The covering of unfractured denuded bone can often be cairied out in the eaifi slage.s 
by local transposed or rotation flaps. When the patient’s condition docs not permit a flap 
operation, or if the tissues in and around the wound are unsuitable for a flap, or if the 
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ground is too extensive to permit a local flap, a temporaiy coveiing can be obtained by the 
Immediate application of a skin-graft dressing. At a later date, this skin graft can be 
replaced by a flap, either local or taken from a distance. 

In compound fractures, when a flap operation is required, the suitable tissue for this 
procedure should be chosen. A discussion on the treatment of compound fractures is out- 
side of the realm of this paper. Briefly, in compound fractures, the decision to execute an 
immediate pedicle flap v-ill depend upon the type of wound inflicted. lATien the compound 
fracture is seen early, when a thorough excision can be performed, when no foreign bodies 
(such as earth or bits of clothing) have been pushed into the depths of the wound, the 
closure of the wound by a local flap, after the reduction of the fracture, followed by peni- 
cillin therapy, appears to be indicated. IMien such conditions do not exist, the flap opera- 
tion should be postponed until the possibility of suppuration has passed, or until it has 
ceased. The closure by a flap of such an infected wound would only cause an obstruction 
to the surgical drainage of the wound and would lead to further necessaiy operative treat- 
ment of the wound. The problem of covering an extensive wound, requiiing a flap from a 
distance, such as a cross-leg flap, is bound up with that of immobilizing the fracture. In 
such cases, an external skeletal-fixation apparatus was used until the flap transfer had 
been completed.* The external-fixation apparatus could then be removed and a plaster 
cast applied. 

B. Re-placement of Unserviceable Scar Tissue over Bone 

The need for bone to be covered by well-vascularized tissue was well demonstrated 
in the present series by the spontaneous consolidation of six non-united fractures of many 
months’ standing, after the transfer of a pedicle flap over the fracture site. Flap transfers 
were required to replace scar tissue over the heel and sole of the foot. Such scars not onh- 
were unstable, breaking down repeatedly under functional stress, but painful, because of 
the absence of the fat pad. Large flaps transferred by the cross-leg method, after wide 
Excision of the scar, gave lasting repair. However, in weight-beaiing areas, it was necessary 
to exercise great prudence before full functional acti\-ity was permitted, lest a breakdomi 
of the flap occur. At least two months should elapse after the flap has healed, before the 
patient is allowed to walk. Normal actmtj' should not be permitted until six months after 
the operation. 

C. Pedicle Flaps in the Treatment of Traumatic Osteitis and Osteomyelitis 

The successful treatment of traumatic osteitis and osteomyelitis is dependent upon 
the provision of an adequate soft-tissue covering of the bone. In the early phase, after the 
bone has been exposed by the avulsion, laceration, or crushing of the overh-ing soft tissues, 
one may be dealing with a simple osteitis, due to the necrosis of the cortex deprived of 
blood supply. The early resection of the de^^talized bone and the immediate covering by 
a pedicle flap were followed by success in all of the eight cases of this series in which this 
condition was met. 

In chronic traumatic osteitis and osteomyelitis, the following procedure was carried 
out: .\11 of the necrotic and scarred soft tissue was widely excised, the sequestra were re- 
moved, and the devitalized-appearing bone was resected until normal-appearing bone 
was exposed. .\t this stage, the exposed bone must be covered by soft tissues, if further 
necrosis of the bone is to be avoided and a recurrence of invasive bone infection is to be 
prevented. For this reason, such areas were covered immediately with a pedicle skin flap. 
.Vccompanying penicillin therapy was instituted in all such cases. Most of the cases of 
chronic osteomyelitis seen had been treated over many months by conseiwative methods,— 
immoliilization of the extremity, packing of the cavity with vaseline gauze, and removal 
of sequestra. In ciironic osteomyelitis, there is often dense scar tissue over the bone. There 

* Tho Uoper Aiulorson apparatus was used in six cases. 
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arc two causes for this fibrosis. The first is tha{ 
scar tissue is laid down in the granulation 
tissue which forms to cover the bone. Epithe-', 
Hum grows slowly over such granulations and, 
when the wound is an extensive one, the 
fibrotic ehanges, which appear in four or five 
weeks, ma}'^ be marked The second cause is 
the fibrosis which is produced by suppurating 
sinuses through the skin. In ninety-eight such 
cases, a wide excision of all of the scarred skin 
and underlying fibrotic tissue was done; the 
devitali zed-appearing bone was resected; and 
a flap covering of the area was made. In some 
cases, the suppuration, irhich had continued 
over a number of months, ceased only when 
this method was carried out. 


Fig. 34 

“Accordion” flap for Icg-lcngthcning. 

A: Shortening of ten centimeterfs of the right 
leg followed compound comminuted fractures of 
the tibia and fibula, with loss of bone. 

B: Lengthening of nine centimeters was ob- 
tained after excision of fibrous tissue, cross-leg 
flap (accordion flap), and traction. (Patient was 
treated in collaboration with Dr. Merle d’Aubigne 
of Paris.) 


D. Pedicle Skin Flaps in the Treatment of Bone 
Cavities 

The covering of areas of bone presenting 
depressions, saucerized cavities, or cavities re- 
sulting from loss of bone through sequestration 
presents special problems. 

Mention was made previously of skin 
grafts applied to bone cavities as a first step to 
obtain a healed wound. In a second stage, the 
skin graft was excised, and a pedicle flap WM' 
used to give permanent repair (Fig.9-C). The 
author feels that this first-stage skin graft may 


be dispensed with, and that a flap may be transferred immediately over a saucerized area. 

In dealing with deep bone cavities, there may be a dead space between the flap an 
the bottom of the bone cavity in which exudate will collect. A draining sinus will often 
follow such an accumulation of fluid beneath the flap. The problem is to eliminate this 
dead space. When the cavity is not very deep, it may be saucerized to enable the flap to 
apply itself into the bottom of the cavity. When the cavity is too deep to be saucerize in 
this manner, it may be obliterated with bone chips. The bone lining the cavity is resected, 
until normal-appearing bone is exposed. The cavity is then tightly packed with bone c ups, 
and covered by a skin flap. The preliminary temporary lining of such a ca\ity by a s 'in 
graft, to provide a healed dry wound, would appear to be good surgery. The skin grai is 
excised when the bone-grafting is done. However, in two recent cases, chip-bone-graiting 
of draining cavities, followed by a resurfacing by a skin flap, was successful.* 


h). Pedicle Skin Flaps in Leg-Lengthening: The “Accordion Flap f 

The following technique was used in three patients who had suffered shorteniiig of the, 
leg, as a result of loss of bone of the tibia and fibula and of soft tissue, following improper 

treated gunshot wounds. az 

A flap of a special design, the “accordion” flap, was used to provide suffic ^ 

covering to permit leg-lengthening. All of the covering scar tissue was resected. The fibrous 
tissue between the fragments was e.xcised, and immediate lengthening, varying rom o , 

* In a recent case, treated in coll.aboration with by chips of refngcrated 

centimeters in size) of the lower ‘’I ^ i Special Surgery. After the cavity had been filled 

homologous bone from the bone bank at ^oWHor JP«g\^^,‘^E^ferred over the area, 
until bone chips, a rotation flap from the lateral aspect ot tne icg 
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Fig. 35: “Accordion” flap. 

A: Outline of hinge flaps. 

B: The hinge flaps are raised. 

C: Accordion cross-leg flap in posi- 
tion. 

D: Lengthening obtained bv the 
accordion-flap method. 


Fig. 36: S-shaped flap for simul- 
taneous covering of dorsal and volar 
defects of the hand, following through- 
and-through perforating woun^. 

A : Design of S-shaped flap. 

B: The flaps are raised. The ulnar 
border of the opposite hand is placed 
along the line xx. 


to three centimeters, tvas obtained bj' traction on the lower leg. Further progressive 
lengthening over a period of two weeks was achieved by continuous traction by means of a 
transcalcancus pin. The problem of replacing the deficient soft tissue is twofold: A covering 
of the exposed bone must be done immediatel.v, and subsequently the tissue thus trans- 
ferred must be able to withstand the gradual lengthening of the leg, which in one case 
attained eight centimeters (Fig. 34). A reserve of cutaneous tissue was formed by designing 
and transferring the cross-leg flap, after raising three hinge flaps.— one medial one su- 
perior, and one inferior (Fig. 35). This “accordion” flap permitted sufficient stretching to 
jiehievc the maximum lengthening of the log. ^ 


THE APPLIC.^TION- OF PEDICLE SKIX FLAPS TO THE COVEHEVG OF TE.VDO.VS 
IX RECOX.STRUCTIVE SURGERY OF THE H.AXD 

In imimnlic lesions of the hand, aside Irora injuries to the bones and joinl, the 
severance of emions and the loss of skin covering arc frequent. The,- generaliv res,. it in 
the lunding o the tendons I, ,v scar ttssue. tvhieh prevents their normal plav. TIte' eomnic e 
eves, on of all scar t.ssue „ the best requisile in the liberation of the gliding sImerrS oi 
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the hand. This excision often results in extensive defects of the hand. The freed tendo 
must be covered by cutaneous and subcutaneous tissue, because they must be placed in 
medium of adipose tissue, which alone will permit their gliding. The presence of fat aro> 
the tendon is the prime condition for the success of tendon surgery, whether it be : 
simple freeing of the tendons, tendon sutures, or a tendon graft. When tendon-graftin 
necessary after wounds causing a loss of tendon substance, a preliminary flap repair of 
scarred skin may be necessary to obtain the complete mobilization of the finger joint I 
fore the tendon-grafting is performed at a later stage. When tendons have been sectione 
they can be strung through the fat with the Blair fascia lata needle. When this procedui 
is not feasible, longitudinal incisions can be made in the fat, the two lips of the incisio, 
being brought around to surround the tendon. The complete insulation of the tendon bj 
the adipose tissue of a pedicle flap may be insufficient, so that it may be necessary to cover 
the undersurface of the tendon with loose intercellular tissue, removed from over the fascia 
lata or over the triceps at the olecranon. A typical war injury is the through-and-through 
bullet or shrapnel wound of the hand. This lesion may result in a complete fixation of the 
hand, extensors and flexors being equally bound in scar. The one-stage freeing of all struc- 
tures, volar as well as dorsal, and the covering of both surfaces of the hand by S-shaped 
flaps on the opposite forearm permit the gradual mobilization of the hand and, later, further 
reconstructive procedures (Fig. 36). 

THE APPLICATION OF SKIN FLAPS FOR NERVE REPAIR AND SKIN 
REPLACEMENT, IN ONE STAGE 

The necessity of plastic repair of the scarred cutaneous covering in peripheral-nerve 
lesions is well recognized. The usual procedure entails two separate stages; first the plastic 
repair of the scarred skin is carried out, followed in a second stage by the repair of the 
iiijured nerve. Thus a dela}”- of weeks or months maj^ occur before the nerve lesion is 
treated. It was observed that in a large proportion of such cases it was possible to perform 
the repair of the soft tissues and of the nerves in a single stage. After the complete excision 
of the cutaneous and subcutaneous scar and the liberation of all of the structures incor- 
porated in the scar, the repair of the nerve is done. The surface defect is then covered by a 
flap of skin and subcutaneous fat, raised from the deep fascia and taken either from the 
adjacent area or at a distance. This single-stage combined operation presents the following 
advantages; 

1. Less scar tissue is laid down in the wound than wlien two separate operations must 
be performed. 

2. The date of the nerve repair is advanced, thus reducing the period during whicli 
progressive atrophy of the denervated end organs and muscles takes place. Recent experi 
mental work has stressed the importance of early nerve repair. 
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THE FOR^^IATION OF KEW BHRSAE WITH CELLOPHANE* 

BY CHARLES LAIRD WILSOX. M.D., C.M.. F.R.C.S. (c.)t> ST. LOEIS, illSSOHRI 
From the Dcparlmeni of Surgery, ^Vashinglon University School of Medicine, St. Louis 

Fibroblastic proliferation is a reaction of normal tissue to trauma. This may be bene- 
ficial, as in the case of wound healing. It is undesirable when it leads to scar formation, 
especially when this scarring hinders the function of any part of the body. Operative 
trauma to a sjuiovial surface is apt to be followed by adhesions. These may be overcome by 
early use of the affected part. However, if the operative trauma has been severe, or if the 
operation has included the excision of the sjmordal surface, the postoperative scarring ma}" 
permanentlj’- limit the function of the part. 

The purpose of this paper is to present the gross and microscopic studies of cellophane 
implantation into the sites of the subdeltoid bursae of rabbits, after these bursae had been 
obliterated by postoperative scarring. 

Donati, in 193t, first reported the use of commercial cellophane, 0.02 millimeter in- 
thickness, to prevent adhesions between the brain and the skull. After thirty-five days the 
cellophane was found to have no irritative reaction surrounding it. Wheeldon used cello- 
phane in tissues, and was satisfied with the chnical results obtained. He had no postopera- 
tive gross or microscopic observations on the tissue reaction. He quotes a personal com- 
munication from Dr. A. W. Farmer of Toronto, who, in animal experiments, had noted no 
foreign-bod}’^ reaction of the tissue to the cellophane. 

McKeever used cellophane after synovectomj’’ of the knee, in order to maintain the 
suprapatellar pouch. He obtained permission from a patient to re-explore his knee two 
months after cellophane implantation. He found a smooth, glistening tissue surface. He 
had used No. 300 P.U.T. and concluded that there was no tissue reaction to it. This was 
confirmed by microscopic examination. B 3 ' the use of this method, flexion of the knee of 
90 degrees was easilj' obtained bj' the end of the first week, with a minimum of effort 
on the part of the patient. Other types of cellophane maj’ have a directty opposite reaction 
on tissues, and some observers have used this material in an attempt to stimulate the pro- 
duction of excess connective tissue. 

Pearse, Harrison and Chandj% and Poppe and de Oliveira have used cellophane to 
cause obliteration or narrowing of aneurj'sms of the aorta and the subclaidan artery*. 
Harper and Robinson have emploj^ed cellophane to cause obliteration of a patent ductus 
arteriosus. Page and Graef reported the occurrence of perinephritis and hj'pertension. 
following the wrapping of one or both kidnej's in cellophane. These authors wrapped either 
the aorta or kidne.v in cellophane of various types. It was sterilized bj' soaking in alcohol 
or morcurj^ oxjmyanide for twelve hours preoperativeh". 

Cellophane, in these cases, produced scarring. There was an immediate marked tissue 
reaction, which progressed to massive scarring in three to five weeks. Poppe explains the 
apparent contradiction in these two tjqies of reaction to cellophane. There are chemicalty 
different types of cellophane produced commcrcialh'. These are varied still further bv the 
application of many types of protective coatings, which add such qualities as moisture 
resistance and heat scaling. 

MATERLI-LS .VXD METHODS 

1 he site of the subdeltoid bursa was explored in thirt.v-five rabbit shoulders. These 
bursae had been oi)!iterated b.v scar tissue, which had resulted from two previous opera- 
tions, performed during the course of another experiment. The first operation consisted in 

* by a prant from tbc Xational I'omidation for Infantile I’.araivs s, Inc. 
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traumatizing the floor of the subdeltoid bursa and the supraspinatus tendon. The second 
operation was performed to remove the supraspinatus tendon for microscopic examination. 
The end result was a complete obliteration of the bursa by scar tissue. It was decided that 
this scarred area would be a good area for testing the ability of an inert material, such as 
cellophane, to form a new bursa lined with a synovial surface. Accordingly, a third opera- 
tion was performed, in which the scarred area of the subdeltoid bursa was dissected to form 
two layers. Between these two layers a sheet of No. 300 P,.T. cellophane was placed. The 
roof of the bursa and the skin were then closed in separate layers, by the use of fine black 
silk. 

The cellophane was sterilized by placing a sheet, about four inches square, between 
two heavy sheets of brown paper and rolling these to form a cylinder, which was auto- 
claved for twenty minutes. It was found necessary to employ heavy, smooth paper to 
prevent the cellophane from becoming wrinkled during autoclaving. At operation, circular 
pieces of cellophane, about one and five-tenths centimeters in diameter, irere cut from 
the big sheet, and were used to separate the two layers of scarred tissue. No fixation was 
used, the cellophane being merely laid flat in the prepared site. The cellophane was left in 
the tissues for periods varying from 29 to 149 days, before being removed for study. 

Intravenous nembutal anaesthesia was used routinel}’-, supplemented by open ether 
if required. After the hair had been removed with sodium sulphide, neutralized with 15 
per cent, acetic acid, the skin was prepared with iodine and alcohol. 

OBSERVATIONS 

Five of the operative sites became infected ; so these rabbits were discarded, leaving 
thirty cases from which to draw conclusions regarding the effectiveness of cellophane. 

Gross Observations 

Twenty-three cases showed a bursa of normal appearance, one and five-tenths to two \ 
centimeters in diameter, lined with a shiny, glistening wall. The cellophane was as soft/ 
and as pliable as when it was inserted. In three of these cases there was no evidence of the 
cellophane, although a good bursa was present. It Avas thought that the cellophane had 
rolled up late in the process of bursa fomation, and had been extruded through the bursal 
roof and skin. 

In five cases, the cellophane had become rolled up into a ball or a cjdinder, and lay in a 
small sac, lined A\dth a shiny, glistening Avail. This sac Avas usually one to three millimeters 
in diameter. The sac containing the cellophane lay either in the position of the subdeltoid 
bursa or just beneath the skin. The pieces of cellophane AA^hich had become rolled up into a 
cylinder Avere those AA^hich AA^ere found just beneath the skin, having eroded through the 
roof of the bursa and the deltoid muscle. 

In tAVO cases no neAv bursa AA^as found. In one of these no cellophane AA^as found; and 
in the other, the cellophane Avas found as a tightly coiled cylinder, half extruded through 
the skin. It AA^as pulled out easib'^, no force being required. 

Microscopic Observations 

TAventy-three sections shoAved a good synovial lining. Tavo, AA^hich AA^ere taken from 
a rabbit that had died the previous day, shoAA'ed poor tissue outlines. A surface could / 
be made out, but it Avas not clear-cut. In three sections the bursal surface Avas missed in 
cutting the block. The Iaa’o cases in AA^hich gross examination disclosed no bursa formation 
shoAA'ed, of course, no synovial surface microscopicalbL 

The microscopic appearance of the neAxdy formed bursae conformed very Avell to the 
description given by Key for normal synoAual surfaces. In sections taken through the roof or 
floor of the bursa, the ncAvlj’- formed surfaces Avere typical of the areolar type of synovial 
surface (Fig. 1). There AA'as a AA^ell-defined surface layer supported by loose areolar connec- 
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Fig. 1 

High-power view (X400) of a newly formed sj-no^nal lining. There is a well-defined surface layer 
supported b 3 ’ loose areolar connective tissue. The cells lie in a collagen matrix. The nuclei of the surface 
cells are plump, while those of the deeper laj'ers become more oval and, finallj', elongated, with their 
long axis parallel to the surface lining. 



Fig. 2 

N illou« fonmtion. \ illi show the s.amc structure a* the fl.it svnovnl lining S'lme fibnn and occ.asional 

macrophages arc al-o seen (X 120). 
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tive tissue. The cells were imbedded ir 
a collagen matrix, and lay either par- 
tially on or beneath the surface. Tht 
depth of this surface layer varied from 
one layer of cells to many layers. The 
collagen matrix varied from loose to 
slightly compact. Usually there were 
no villi present, but occasionally there 
were a few (Fig. 2). These villi were of 
the same structure as the flat synovial 
layer. The surface cells were flat, 
and laj’- imbedded in a loose collagen 
matrix. The deeper cells were more 
spindle-shaped, and lay with their 
long axis parallel to the bursal surface. 
On the surface of the synovial mem- 
brane, there was occasionally a thin 
r of fibrin. In this layer there were 
be a number of macrophages, 
a polymorphonuclear leukocyte 
seen around the surface layer. 
Underneath the surface layer were a 
varying number of small blood vessels. 
Sometimes these were profuse, and 
sometimes almost absent. In several 
specimens the bursa was excised in- 
tact, to preserve the cellophane within 
the bursa (Fig. 3). In sections of these 
bursae, the cellophane showed up un- 
der the microscope as a definite, but 
relatively translucent, band. There 
was no fra 3 ’-ing of its surface or any 
sign of fragmentation. The underljung 
synovial surface appeared as described. In several of the sections through the floor of the 
bursa, a denser type of collagen, forming the base of the bursa, was found. Figure 4 shows 
one of these sections, with the coiled cellophane tying within the bursa. This bursa had 
been excised intact, without being opened. The lining wall was smooth, in spite of the coil- 
ing of the cellophane. The linings which grossty appeared normal showed a good synovial 
lining under the microscope. 

The onl}'- evidence of foreign-body reaction encountered was giant cells surrounding 
suture material, which was fragmented in the process of absorption. 



Fig. 3 

Cellophane in situ. The cellophane is seen as a lelatively 
translucent band. There is no evidence of fraying or de- 
struction of the cellophane. The newly formed sjoiovial 
surface is seen lying on a base of denser connective tissue 
(X250). 


COMMENT 

In the infected cases, the infection was not due to foreign-bodj'- reactions, because, in 
three of the five rabbits with infected shoulders, a normal new bursa had formed on the 
opposite side. All presented the gross and microscopic picture of pyogenic infection. 

McKeever has stated that he found evidence of fragmentation of cellophane in his 
stud}’- of one case. He used No. 300 P.U.T. cellophane. If one might draw an analogy, from 
the rapidity with which silk suture is phagocytosed in rabbits, it is probable that cello- 
phane destruction would be much more likely, and more rapid, in rabbits than in humans. 

Key states that synovial-membrane cells are fi.xed connective-tissue cells, which are 
modified slightly because of their position. He points out that the lining cells of joint and 
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Fig. 4 

Coiled cellophane l>TnR in the bursa (X120). 


bursal cavities differ embiyologically from the cells lining the primary body cavities. Tliis 
being the case, one would expect connective-tissue cells to be able to reform a sjmovial 
lining very similar to the original. The pictures reproduced here correspond closely with 
the normal specimens presented in Cowdry’s textbook of histologt'. and also with the 
normal picture obsei-ved during this study. 

Cellophane allowed the formation of a grossly normal subdeltoid bursa, inth a glisten- 
ing synovial lining, in twenty-eight out of thirty cases. In five of these, the size of the simo- 
vial cavity was diminished, due to folding of the cellophane. If a larger piece of cellophane 
had been used, or if it had been fixed at the edges so that it could not fold, this complica- 
tion might not have occurred. That this simovial lining would not have resulted from sim- 
ple dissection of the space and svibsequent closure is e\'ident from the fact that two 
previous operations resulted only in pi'ogressive scarring, and finalh' in complete oblitera- 
tion of the subdeltoid bar.-a. It is quits possible that, if cellophane is used in human sur- 
gery, it should be removed through a small stab incision, after the new synovial lining ha« 
formed. The longest period of observation in these cases was 149 days. There was no sign 
of reaction of the tissues or degeneration of the cellophane. What would happen if it 
were left in human tissues for \’ears is. of course, unknomi. If the cellophane were excised 
through a small stab incision, and the bursa functioned in the usual manner, it would 
probably remain patent. In the three cases in which the cellophane extruded late in the 
procc.^^s of bursa formation, there was no sign of subsequent obliteration of the bur.sa. 

The cellophane extruded spontaneously through the skin by rolling up to form a 
cylinder, and pushed out by eroding the tissues with the sharp point so formed. This is 
another argument for fixing tlie edges of the cellophane to prevent it from rollintr up to 
form a useless and potentially dangerous migrating foreign body. 

Other writers have described a fibrotic reaction, following tlic u«e of .300 P.T. cello- 
phane. Their technique has differed in two respects from that u-cd in the prc'-ent rtudv. 
They sterilized their cellophane by immersion cither in alcohol or mercury oxycyanide. 
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This maj’^ possibly have changed the chemical composition of the cellophane. They also 
wrapped the tissue in question in several layers of cellophane, thus partially occluding the 
blood supply. In performing experimental tendon sutures, the writer has not had very 
favorable results when the tendon was completel 3 ’' enveloped in a wide tube of cellophane. 
In this present studjq the cellophane was laid flat between two opposing surfaces. The new 
synovial membranes so formed did not differ either grossly or microscopically from the 
normal s.ynovial lining of joints and bursae. The cellophane in these experiments acted as 
an inert substance in the tissues. 

SUMM.-VRY AND CONCLUSIONS 

1. Cellophane was effective in the formation of a new subdeltoid bursa in twenty- 
eight out of thirty cases, in which two previous operations had produced only scar tissue 
which had obliterated the bursa. In the two cases in which new bursae were not formed, the 
cellophane had coiled up and had been extruded. 

2. Grossljq the new bursae were lined with a shinj'-, glistening wall. The cellophane la.y 
in this new bursa with no gross evidence of foreign-body reaction in the tissues or of de- 
struction of the cellophane. 

3. Microscopically, the lining of these newty formed bursae differed in no way from 
the lining of normal bursae. There was no microscopic evidence of foreign-body reaction, 
or of fragmentation or destruction of the cellophane. 

4. It is concluded that cellophane is a safe inert substance to use in the tissues. It will 
allow the formation of a new sjmovial membrane in areas where scarring is to be expected. 

Acknowledgment is made to Dr. J. Albert Key for his valuable criticism and help in the preparation of 
this work, and also to Mr. Duane Taylor for liis assistance in performing the operations and to Mr. K. Cramer 
Lewis for his photograph}". 
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INTERINNOMINO-ABDOMINAL AilPUTATIONS 

Report of Twelve Cases* 

BY XORMAK R. BECK, M.D., ROCHESTER, MXKESOTA 
Felloio in Orthopaedic Surgery, Mayo Foundation 

AXD WILLLUI H. BICKEL, M.D., ROCHESTER, MXXESOTA 
Section on Orthopaedic Surgery, Mayo Clinic 

The interinnomino-abdomiiial amputation has been in use, although not commonly, 
since its introduction by Billroth almost sixty years ago. His patient died a few hours after 
the operation had been completed, apparently as a result of shock. Girard, in 1895, is 
credited as the first surgeon successfullj’- to perform an interinnomino-abdominal or 
hindquarter amputation. Since Billroth’s case, approximately 130 cases have been reported 
in the literature. Prior to 1934, the operative mortality for this procedure was about 60 
per cent. Since that time, the mortality rate has been less than 20 per cent.; this remark- 
able improvement is attributable to the use of transfusions and supportive measures*. 
Most of the reported amputations have been done for sarcoma. Tuberculosis of the hip 
early contributed a few cases, and other chronic infectious processes have been responsi- 
ble for a few more. l^Ietastatic carcinoma was found in one of Morton’s cases, and the only 
fatalit 5 " reported bj" King and Steelquist followed an amputation for rapidly spreading 
gas gangrene. 

The first interinnomino-abdominal operation performed at the ^laj'o Clinic was in 
March 1943, and the second was in August 1943. A report of these two cases was published 
in 1944 by Ghormley, Henderson, and Lipscomb. One such amputation was done at the 
Clinic in 1944; two were done in 1945; and seven have been done so far in 1946, which 
brings the total to twelve. 

The most common pathological condition encountered in this series of twelve cases 
has been the chondroma and osteochondroma group of tumors. These tumors, especiall}* 
the non-pedunculated ones and those involving the bones of the pehds, frequently have 
been difficult to eradicate. When they invoh’-e the hip, pain may be severe and the tumor 
may be small and hard to demonstrate. In the past, wide local excision was the accepted 
treatment; but it was found that the lesions almost invariably recurred. These recurrent 
tumors frequently grow rapidly’ and may attain great size. Malignant change has been 
reported when these tumors are not removed completely .= Of the twelve cases in this 
.series, eight operations were performed for chondroma and osteochondroma, including 
Grade 1 and low Grade 1 chondrosarcoma and osteochondrosarcoma. Two operations 
were performed for osteogenic sarcoma and one each for mj'-xofibrosarcoma and fibro- 
sarcoma. 

The operative procedure used in the twelve cases which form the basis of this report 
was e.sscntialiy tiie same as that described by King and Steelquist. The method of making 
the flaps in one case was modified, because of the location of the tumor in the buttock. 
Another patient required a second operation for complete excision of the tumor, which 
filled the pelvis. This tumor was removed a month later. 

Transfusions were carried out during each operation. The total amounts varied from 
1.000 to 3,500 cubic centimeters. Two patients received an additional 500 cubic cenfi- 
nictcr.s during the first twenty-four hours after the amputation. It has been apparent that 
.‘-•overal of tliese patients would not have survived the operation without the excellent 
assistance of our colleagues in the Section on Anaesthesiology, who gave the transfusions 
and sujrportive treatment. 

* Read .at Ok; mcclin!: of Oio Clinical OrOiop-iedic .'Society, Rochester. Minnesota. October 12. 
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Convalescence was essentially uncomplicated. The majority of the wounds healed 
rather -slowly. In two cases, infected hematomata developed, which healed promptly 
after incision and evacuation. In the case in which it was necessary to make the unortho- 
dox skin flaps, rather extensive necrosis of skin ultimately required skin-grafting. The 
period of hospitalization ranged from twenty-one to ninety-four days. The shortest 
period was required by a boy fourteen years old, and the longest by the patient who had 
to have skin grafts. 

All patients survived the operative procedure, and, by latest reports, are still alive. 
The entire series is probably too recent for proper evaluation. In Cases 1, 3, and 5, the 
lesion has recurred. One patient (Case 2) has been free of symptoms for three j^ears. The 
other patients, with the exception of one (Case 4) who was well when last seen, were oper- 
ated upon less than a year ago. These have been relieved of their pain and for the most 
part are satisfied with the result. The final evaluation must wait until a few more years 
have passed. 


REPORT OF CASES 

Case 1 (previously reported by Ghormley, Henderson, and Lipscomb). The patient, a man fiftj'-six 
years old, was first seen at the Clinic in November 1940. His chief complaint was pain in the upper part of his 
right thigh, progressive wasting of the extremity, and a limp. Examination revealed limited motion, mainly 
of rotation and abduction, adduction deformity, muscle atrophy, and diminished reflexes. The results of 
laboratory studies were within normal limits. Roentgenograms revealed nothing diagnostic. Physical 
therapy was given in an attempt to control the pain. The patient returned one year later; the pain and other 
symptoms had not changed. A comparison of new roentgenograms with the old showed evidence of diffuse 
spotting of the ilium and one region of slight periosteal change, suggestive of Ewing’s tumor. Biop.sy revealed 
proliferative villous type of synovitis. 

When the patient returned in 1942, his pain was severe and he had been receiving narcotics for its re- 
lief. Roentgenograms at this time revealed a destructive lesion of the innominate bone. Another biopsy was 
performed and the pathologist reported finding a chondrosarcoma. Grade 1. A hindquarter amputation 
\ Was advised, but the patient decided to wait. He returned and was operated upon March 13, 1943. His 
Convalescence was uneventful, and the wound healed by first intention. TiTien he was seen for his first 
check-up, he was relieved of pain, but local inoperable extensions of the tumor have developed since that 
time. 

Case 2 (previously reported by Ghormley, Henderson, and Lipscomb). The patient, a man fifty-one 
years old, was first seen at the Clinic on March 23, 1943. He gave a history of fatigue and pain in the right 
thigh. He had walked noth a limp for three months. Examination disclosed only atrophy of the right lower 
extremity. Roentgenograms revealed a cystic tumor, just above and adjacent to the right acetabulum. 

On March 27, 1943, an exploratory operation was performed. A diagnosis of chondroma was made on 
the basis of pathological examination. The contents of the cavity were removed and the cavitv was swabbed 
ndth phenol. The patient returned in July 1943, because of increasing difficulties. Roentgenograms revealed 
an increase in the size of the tumor. A hindquarter amputation was advised; this was performed on August 
4, 1943. Drainage occurred from the wound, but healing was complete and prompt, after an infected hema- 
toma had been evacuated. The patient was seen again in August 1946; he reported that he felt fine. No 
evidence of metastasis or of local recurrence could be found. 

Case 3. The patient, a man fifty-nine ye.ars old, had noted pain in his right hip and a limp for about 
^ six months before coming to the Clinic, on April 19, 1944. Physical examination revealed atrophy of the 
riglit thigh and leg, pain on motion of the right hip, and a palpable mass deep in the right buttock, behind 
the acetabulum. Roentgenograms showed a destructive lesion of the right acetabulum (Fig. 1). 

An cxidoratory operation and biopsy, on April 25, 1944, disclosed an osteochondroma. On M.ay 1 1944 
a hindquarter amputatioir was performed. Convalescence was uneventful, except for delayed healing of tlie 
wound. The patient rctnnrcd in April 1945, at which time a local recurrence of the tumor w.a.s found; this 
was excised. It was found that the tumor had also extended into the sacrum. Comidete excision was impos- 
•siblc. When the patient was heard from last, in December 1946, he was bedridden, had .severe pain, and 
required narcotics daily. ’ ' 

Case 4. Tlie patient, a man forty-eight years old, was seen at the Clinic on March 23, 1945 . He gave a 
Iiistorx' of pain in the right hip and around the right knee, presint since Deceml>cr 1911 . M first the pain 
was intennittent, but since early in 1943 it had Irecn constant and had gradually inrrc;i.s<Hl in severity. On 
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physical exaniinalion, muscle S]jasm, witli limitation of rotation and a flexion deformit}', was found. The' 
roentgenogiams levealed evidence of osteopoiosis of the head of the femur and in the legion of the right 
acetabujum. There was also an aiea in the margin of the acetabulum, suggestive of an osteochondroma 
(Fig. 2). The possibility of a hindquarter amputation was suggested to the patient and, with his agreement, 
the region was explored on March 31, 1945. The diagnosis of osteochondroma was confirmed by the patholo- 
gist, and the amputation was performed. Convalescence was uneventful. The patient visited the Clinic 
again in November 1945, at which time he was free of pain. No evidence of recurience could be found. A 
letter from the patient, in November 1946, leported that he was still well. 

Case 5. The patient, a man thirty-eight yeais old, was fiist seen on February 11, 1942. His symptoms 
— pain and stiffness of the left hip — weie of about six months’ duration. The findings on physical examination 
were limitation of rotation, abduction deformitj', and pain on motion of the hip. Roentgenograms showed 
evidence of osteopoiosis of the bones of the hip and widening of the articular space (Fig. 3). Traction was 
applied, and the pain was somewhat relieved. The patient returned in July 1942, and the region of the hip 
was explored, but the hip was not dislocated to examine the inside of the acetabulum. A specimen was re- 
moved and the pathologist repoi ted it to be fibrous inflammatoiy tissue. The patient again returned, and at 
rectal digital examination a mass was palpated on the inner wall of the left ilium. A diagnosis of cellular 
chondroma was made at exploiatory opeiation, and the lesion was curetted out on March 3, 1945. The 
patient returned for re-examination in October 1945, at which time a recurrence of the tumor was found. 
A hindquarter amputation was suggested; this was carried out on October 22, 1945. Following operation, a 
hematoma developed in the wound; this became infected, but healed promptly after the hematoma had been 
incised and qyacuated. Wlien the patient was re-examined on Ma 3 ’^ 14, 1946, he was free from pain. No evidence 
of recurrence was found. The patient returned again on February 6, 1947, at which time local recurrence 
of the tumor was demonstrated. 

Case 6.. The patient, a man sixty-one years old, was seen at the Clinic on January 3, 1946. He gave a 
history of pain below his right knee, which had been present since the preceding spring. In September 1945, 




IXTERIXXOMIXO-ABDOMIXAL AAIPUTATIOXS 


207 


he had noticed a bump in the right groin which, after biopsy, was said to be cancer. He was given roentgeno- 
therapy, but received no relief from the pain. The tumor continued to increase in size. On ph\-sical examina- 
tion, the large, firm mass on the upper medial portion of the right thigh was readily palpable. The only ab- 
normality found in the laboratorj- study was an elevated sedimentation rate. Roentgenograms showed the 
soft-tissue shadow, but no e\'idence of bony origin. A section of the tumor from the original specimen, re- 
moved for biopsy, was obtained for study, and revealed mx'xofibrosarcoma. Grade 2. .4s the only procediue 
available for complete removal of the tmnor, a hindquarter amputation was ad\'ised; this was performed on 
January 16, 1946. The patient’s convalescence was uneventful, except for slight drainage from the woimd. 
On July 17, 1946, the wound was healed and no erddence of recurrence or metastasis could be found. 

C tsE 7. The patient, a man fifty-three years old, was first seen at the Clinic on .4pril 14, 1945. He com- 
plained of a painful mass in the right buttock: this had been present for about one and one-half years, but 
recently had gromi rapidly. Physical examination showed normal findings, except for the rather large mass. 
Roentgenograms showed nothing more than the soft-tissue shadow of the tumor. On .4pril 19, 1945, the 
tumor was excised. The pathologist’s diagnosis was mj-xofibrosarcoma. Grade 3. 

The patient returned in September 1945, because of local recurrence of the tumor, and was given roent- 
genotherapy. He returned again in Februaiy 1946, by which time the size of the recurrent tumor had in- 
creased. A hindquarter amputation was advised; this was performed on Februaiy 16, 1946. Because of the 
location of the tumor and the previous local excision, the usual posterior flap could not be utilized. In its 
place, a large anterior and medial flap was used. This sloughed rather extensively, and the defect required 
skin-grafting for closure. This prolonged the period of hospitalization. In a letter, dated September 5, 1946, 
the patient’s wife reported that the wound was nearly healed, but that the patient still had severe pain and 
was unable to be out of bed.for more than short periods. JThe patient revisited the Clinic on January 13, 
1947, at which time he was free of sxnnptoms Xo evidence of recurrence or metastasis was found. 

Case 8. The patient, a boy fourteen years old, was first seen at the Clinic on Februaiy IS, 1946. He 
had injured his right hip while playing football, in November 1945. There was little immediate distress, but 
he noticed that the hip was stiff and that the pain gradually increased. The hip had been immobilized in a 
spica cast for a month, without relief of pain. The patient had been confined to bed for several weeks. 
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Physical examination revealed a fixed, painful, and swollen right hip. Roentgenograms suggested that 
an osteogenic sarcoma of the upper end of the right femur was present (Fig. 4). Biopsy was performed on 
February 20, 1946, and revealed osteogenic sarcoina. Grade 4. In order to relieve the severe pain, a hind- 
quarter amputation was advised; the operation was performed on February 25, 1946. Convalescence was 
uneventful. The patient was dismissed on the twenty-first day after operation. When he was re-examined, on 
August 1, 1946, he felt fine, had gained weight, and was walking with the aid of crutches. No evidence of 
recurrence or of metastasis was found. 

Case 9. The patient, a man thirty-one year's old, was first seen at the Clinic in January 1939. His 
chief complaint was gradually increasing difficulty in emptying his bladder and bowel. By roentgenographic 
examination, the physician in his home locality had demonstrated a tumor of the right side of the pelvis. 

On physical examination at the Clinic, a large, firm mass was palpated over the right pubic bone and, 
by rectal examination, in the right side of the pelvis. Roentgenograms revealed a large osteochondroma, 
arising from the superior aspect of the pubic bone on the right side and extending well into the pelvis pos- 
teriorly (Fig. 5). On January 19, 1939, the right pubic bone and the tumor were removed. The diagnosis was 
confirmed by the pathologist. The patient was well for five years and then noted the gradual return of his 
difficulties.. In October 1945, his right leg began to swell. His return to the Clinic, on April 15, 1946, was 
prompted by acute obstipation, lasting ten days. Physical examination revealed a tumor, filling the entire 
pelvis. Roentgenograms showed this to be similar to the original lesion. Laboratory studies disclosed nothing 
abnormal, and there was no evidence of metastasis. On April 25, 1946, the right hindquarter was ampu- 
tated; in spite of transfusions of 3,500 cubic centimeters of blood, the shock was such that all of the pelvic 
and abdominal extensions of the tumor were not removed at this time. On May 30, 1946, by an abdominal 
approach, the remainder of the tumor was removed. The pathologist’s diagnosis was osteochondrosarcoma. 
Grade 1. Except for slow healing of the incision, convalescence was uneventful. The patient reported by letter, 
on October 1, 1946, that he felt fine, and was back at work as a painter and decorator. 

Case 10. The patient, a woman forty-two years old, was first seen at the Clinic on May 13, 1946. Her 
chief complaint was pain, which had gradually increased in severity for two years. Roentgenotherapy had 
given her no relief. Physical examination revealed a soft-tissue mass over the left hip and thigh; and, on 
pelvic examination, a firm mass was palpated on the left side of the pelvic wall. Roentgenograms gave evi- 
dence of an osteogenic malignant tumor, which involved the left innominate bone in the region of the acetab- 
ulum and projected into the pelvis (Fig. 6). The results of laboratory studies were within normal limits. A 
hindquarter amputation was advised; and the operation was carried out on May 23, 1946. The pathologist’s 
diagnosis was chondrosarcoma. Grade 1. Convalescence was uneventful, except for a small hematoma under 
the flap. In a letter, dated October 1, 1946, the patient reported that she was feeling quite well, with slight 
pain only at night. 

Case 11. The patient, a woman fifty-four years old, was first seen at the Clinic on May 17, 1946; she 
gave a history of right sciatic pain of one year’s duration. Her condition had originally been diagnosed ar- 
thritis and treated as such, but subsequent roentgenograms revealed osteogenic sarcoma. 

On physical examination at the Clinic, a tumor could be palpated on the inner surface of the right wall 
of the pelvis. Laboratory studies gave normal results. Roentgenograms revealed what was thought to be an 
osteochondrosarcoma of the right innominate bone in the region of the acetabulum (Fig. 7). A hindquarter 
amputation was advised; and this was performed on May 30, 1946. Pathological examination of the tumor 
revealed osteogenic sarcoma. Grade 2. Postoperatively, phlebitis developed in a varicose branch of the long 
saphenous vein in the remaining limb; this subsided promptly after the institution of dicoumarol therapy. 
In a letter, received October 6, 1946, the patient reported that she felt fine, with mild pain only at night. 

Case 12. The patient, a man forty-three years old, was first seen at the Clinic in March 1944. In 1930, 
an osteochondroma had been removed from the region of the right hip. Recurrence was noted in this region 
in 1943, and the tumor had rapidly increased in size. The patient had a moderate amount of pain. This 
tumor (Fig. 8), including a large portion of the left ilium, was excised on April 3, 1944. Recurrence of the 
tumor was noted about a 3 'ear later, and the lesion increased in size. Pain was not severe. On August 22, 1946, 
when the patient returned, the tumor was the size of a football. Roentgenographic examination revealed an 
osteochondroma, involving the remaining portion of the left ilium. A hindquarter amputation was advised, 
and this was carried out on September 11, 1946. The patient’s convalescence was uneventful. His wound 
healed by primary intention. 


COMMENT AND SUMMARY 

Interinnomino-abdominal amputations have been performed in twelve cases at the 
Mayo Clinic. It may be claimed that the procedure is too radical to be used for benign 
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tumors. However, it has been found repeatedly that osteochondromata and chondromata 
frequently, if not invariably, recur after local excision, and eventuallj' spread to the point, 
where neither local nor radical excision is possible. In four patients, all of whom had 
fibrosarcoma or osteogenic sarcoma of a moderate to high grade of malignancy, this was. 
the onlj' procedure which would remove the lesion and offer any hope, slight as it might 
be. In Cases 1, 3, and 5, recurrences of the tumor developed which could not be operated 
upon. 

One patient is well, three j'ears after the operation. The operations on the remainder of 
the patients have been too recent for any long-range conclusions to be drawn. All of the- 
patients have had a temporary respite from the pain, which has been a symptom common, 
to nearly aU of them. 
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SENSORY DENERVATION OF THE HEEL FOR PERSISTENT PAIN 
FOLLOWING FRACTURES OF THE CALCANEUS 

BY MYROX A . S.YLLICK, M.D., AND LESTER BLtTM, M.D., NEW YORK, X. Y. 

From Ihe Surgical Services of the Beekman-Downtown Hospital, Hew York City 

In recent years, it has become increasing^ etddent that the prognosis in severe crush 
fractures of the calcaneus is generally bad. This has been the authors’ experience. In a 
clinic receiving many traumatic cases, tliis fracture has come to be regarded as the “un- 
solved fracture”. Similarly, Bankart has gone so far as to state that his results were 
“rotten”, and he concurred with Watson-Jones in favoring immediate operations for fusion 
in the treatment of compression fractures of the heel, because of his dissatisfaction with 
the usual conservative measures. 

Numerous methods of managing this fracture have been advocated. As has often 
been noted in other instances, multiplicity of solutions is usually indicative of discontent. 
In the hands of the authors, the treatment of the severe “squash” tj'pe of fracture, with 
comminution and involvement of the contiguous joints, has frequenth' been unsuccessful 
no matter what method has been used. Nor has triple arthrodesis served to improve 
materially the late results. 

The reasons for these failures merit thoughtful consideration. .Any speculation on 
this point would naturally start unth the assumption that the more exact the reduction 
of the fracture, the better the end result. Hermann has shown the nece.csity of correcting 
lateral spread of the heel to avoid subsequent piling up of callus beneath the malleoli. 
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Bohler’s insistence on restoration of the salient angle in the long axis of the calcaneus is 
well known. Others have emphasized the importance of the integrity of the subtalar and 
mid-tarsal joints. Despite all this, there are cases in which either the anatomical dis- 
turbances have been minimal, or the reduction has been excellent, and yet the patients 
have been left with disablingly painful feet. Conversely, some of the most severely crushed 
bones, producing shortened and flattened heels, have been practically symptomless. It 
is not uncommon to see this paradoxical state in cases of bilateral calcaneal fractures, 
with marked disparity between the roentgenographic appearance and the clinical status 
of each foot. Such observations cannot, of course, be explained on a psychological basis, 
and they have served to establish the conviction that correction of skeletal deformity is 
not the only objective in these cases. 

For these reasons, it was believed that a different approach could be made to the 
relief of persistent disability following calcaneal fractures. It seemed that even the most 
severely'’ crushed heel should not alter the integrity of the foot sufficiently to explain the 
marked symptoms wholly on structural grounds. Apparently, if it were possible to relieve 
pain permanently, there might be insufficient mechanical hindrance to satisfactory func- 
tion. A physiological rather than an anatomical solution to this problem was, therefore, 
sought. Sensoiy denervation of the heel suggested itself as the answer. 

Interruption of peripheral sensation for the relief of intractable pain in peripheral 
vascular disease of the lower extremities was introduced twenty-five years ago.^ It is now 
an established procedure, with clearly defined indications and limitations Its 

application, therefore, to the problem of the persistently painful heel after treatment for 
fracture is logical, direct, and technically simple. Actually, this procedure is readily adapta- 
ble to the traumatic foot, since concern over tissue viability, which is paramount in the 
case of vascular disease, does not pertain here, except in senile patients, who are not fre- 
quently involved in industrial accidents. 

The tibial and sural nerves are the pathways for the type of pain encountered in 
these patients. Of these nerves, the latter is purely sensoiy, but the former also has motor"^ 
branches to some of the small plantar muscles. There is no significant functional loss due 
to the division of these nerves. Sensation to the calcaneal region is supplied chiefly by the 
tibial nerve; the sural nerve’s distribution of sensation is limited to only the lateral aspect 
of the foot. The tibial nerve alone transmits sensation from the joints contiguous to the 
calcaneus. Since division of this nerve results in anaesthesia of the entire sole of the foot, 
it would be of some advantage to section only its medial calcaneal branch, if that could 
be done. Isolation of these nerves is readily accomplished under local novocain infiltration. 
The technique of the operation has been previously described in its essentials, 

this is the operation which was employed in the authors’ cases. 

Interruption of the sensory innervation of the heel was performed in seven patients. 

Case 1. J. F., a truckman, aged thirty-five, was admitted to the Beekman Hospital on November 13, 
1940, after having fallen three stories down an elevator shaft while at work. He sustained head injuries, 
fracture of the body of the first lumbar vertebra, and comminuted, compressed fractures of both calcanei. 
The heel fractures were reduced and managed in accordance with the Hermann method. 

Fourteen months later, on January 20, 1942, the patient re-entered the Hospital. Despite anatomical 
correction and roentgenographic evidence of healing, he continued to have persistent pain in his heels, \ 
jjarticulaity in the left heel, when standing or walking. He had done no work since his injury. 

Operation: On .January 22, 1942, under local anaesthesia produced by 1 per cent, novocain, the tibial 
and sural nerves were individuallj" isolated through two short vertical incisions in the lower third of the leg 
posteriory. The nerves were readily found. After injection of a few cubic centimeters of 2 per cent, novocain 
into each nerve, the patient was found to have complete anaesthesia over the heel. Deep, as well as super- 
ficial, loss of sensation was proved bj' percussion with a wooden mallet. Since this preliminary procedure had 
indicated that anaesthesia could be obtained, the nerves were then compressed by hemostats, and two cubic 
centimeters of 95 per cent, alcohol was injected into each. The skin incisions were closed by fine silk. 

Course: Relief of symptoms, following alcohol injection and nerve crushing, was complete but temporarj’. 
Tbc jiaticnt returned to the Hospital two months later for nerve section (March 13, 1942). Under local 


THE jounxAL or Bonn and joint snncERY 



SENSORY DENERVATION OF THE HEEL 


211 


novocain infiltration, the scars from the original operation were excised, the ner\'es were exposed, and a seg- 
ment of each nerve, about one inch in length, was removed. 

Two months later the patient resumed his former occupation as a truckman. When last examined on 
October 2, 1945, about three and one-half years later, he stated that he had worked sixteen hours that day. 
He walked with a normal gait and had good ankle function. There were no trophic changes. Sensation had 
partly returned, but there had been no recurrence of pain when walking or jumping. 

C.\SE 2. G. H., a stevedore, aged thirt 3 '-five, sustained a “squash” fracture of his left calcaneus on 
March 26, 1941, with marked lateral spreading of the bone. At the same time, he fractured the first lumbar 
vertebral body. .‘Mthough fairlj' good anatomical correction of the calcaneal fracture was obtained, he con- 
tinued to have persistent pain in the heel when walking, and he remained totaUj' disabled on this accoimt. 
On October 28, 1942, nineteen months after the injury, he was admitted to the Hospital for block of the 
peripheral sensorx' nerves. 

Operalion: Under local anaesthesia, the left tibial nerv-e was exposed through a linear incision made 
posteriorlj', just above the level of the ankle. The ner\'e was isolated, injected r\ith novocain and alcohol, 
and di%dded proximal to its medial calcaneal branch. The nerve was then reapproximated bj- means of fine 
perineural sutures tlu-ough the neurilemma. In a similar manner, through a separate incision, the left sural 
nerve was e.xposed at this same level, di\ided, and resutured. In each case, the nerves were readih' found, and 
the procedure was done ndthout trauma to the aecompanj-ing blood vesseb. Fine silk was used for ligatures 
and sutures. 

Course: Follow-up examination was made on April 5, 1944, eighteen months after the dener\'ation 
procedure. The patient had resumed work one j'ear previoush- and had continued at his usual job. He still 
complained of numbness, which, however, was decreasing. He had no paraesthesia and no evidence of 
trophic disturbance. He walked with a normal gait and had a full range of motion in his ankle joint and foot. 
In October 1946, he was doing full-time work as a stevedore. 

Case 3. H. S., aged sixij’-five, a laborer, entered the Hospital on Maj- 31, 1943. Sixteen months pre- 
viouslj’, on Januaiy 19, 1942, he had fallen from a ladder, and had sustained compression fractures of both 
calcanei. He was treated elsewhere bj* manual reduction and plaster-cast immobilization, followed bj' a pro- 
longed course of phj'sical therapj'. He was referred because of disabilitj-, due to persistent pain. 

Examination showed moderate flattening of both heels, restricted joint motion, and a defective gait, 
due chieflj' to pain on striking the heels against the floor. Percussion elicited sharp pain. Roentgenograms 
showed both calcaneal fractures to be well healed, with relativeh' little lateral spread; the tuber angles were 
satisfactory. 

Operation: On June 1, 1943, the tibial and sural nerves in each leg were indi\iduallj' exposed, isolated, 
blocked bj' novocain, and di\ided. The netw'es were not resutured. 

Postoperative Course: From a condition of total disability, this man was subsequently returned to in- 
dustry after sensor 3 ’-ner%'e di\ision. His result was regarded as satisfactory by the Federal Workman’s Com- 
pensation Conunission and his “schedule loss” was materiall}' reduced. 

Case 4. J. C., a longshoreman, fift\--nine j’ears old, entered the Hospital on Januaiy 31, 1944. In October 
1942, he had sustained a fracture of the right c.alcaneus, for which he had been treated in another hospital 
bj- manipulation and plaster encasement, followed by months of care, although he was ambulatory. Bonj- 
union had taken place, but the patient had remained incapacitated because of pain in the injured heel. 

Operation: On February 2, 1944, the right tibial and sural nerves were e.xposed, divided, and then re- 
approximated with sutures. 

Course: Complete .anaesthesia of the right heel area w.as obtained. Wlien the patient was last examined 
in October 1946, sensation had returned without recurrence of local pain. Tliere had been no evidence of 
trophic disturbance. This man had worked onl\' irrcgularlj- since his operation. 

Case 5. J. S., aged fort.v-six, a longshoreman, w.as admitted to the Hospital on February 21, 191J, 
because of a painful right heel, resulting from an old calcaneal fracture. His injury had occurred eighteen 
months previously. Despite healing of the fracture and good anatomical position, disability was complete. 

Sensory denervation of the right lieel bj' division of the tibial and sural neiwes w.as done on Febni.aiy 23, 
1944. 

Course: When examined two and one-h.alf yc.ars after operation, the patient had partially regained 
sensation in the heel. Pain wa.s not prc.scnt on w.alking or striking the heel. He had not rosumcrl work, due, 
ai)])arentty, to dissatisfaction with the legal aspects of his case. 

C tsE 6. N. D., a stevedore, aged fort\--six, w.as admittetl on Febniaiy 27, 1945. Thirteen month.s before, 
while at work, he had sustaiircd a compression fnicturc of his right heel. Hi.s jrain hail not lx?en relieved bv 
the usual conservative measures. 

Section of the tibial and sural nciwc.s w.as done on Fcbniaiy 2S, 1945, with exel-ion of about two centi- 
meters of each nerve. 

When last examined in Scptemlrer 1946, he complainral of paraesthesia in the heel and ‘sjic. There hail 
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been .some return of .seiiHidion, but lie liml no pain on walking or on direct, percussion of the heel. No trophic 
■disturbance had occurred. 

Case 7. M. K., aged forty-six, sustained a compression fracture of the left heel in addition to back and 
-shoulder injuries when he fell into the hold of a ship, while working as a stevedore, on October 30, 1945. His 
calcaneal fracture was reduced by the Bolder technique. One year afterward, he was still totally disabled 
because of severe i)ain. 

On November 1, 194G, nerve section was done, and segments of the left tibial and sural nerves were 
■excised. Three months later, he had returned to work at a lighter job. He was entirely free of pain on walking 
mid jumping. His gait was normal. 


COMMENT 

Seven patients were subjected to nerve section in an attempt to relieve intractable 
pain and total disability resulting from compression fractures of the calcaneus, sustained 
in industrial accidents. In all cases, the usually accepted methods of treatment — consist- 
ing of manipulative correction or attempted correction of the calcaneal deformity with 
subsequent plaster-cast immobilization, prolonged periods of rest, and, later, physical 
thei'apy — had previousl}'^ been given adequate trial. In each instance an interval of over 
one year had elapsed after injury before sensory denervation was undertaken. These 
patients have been followed for periods of four months to five years after nerve section. 

Four of the seven patients have returned to industiy, — three to their former heavy 
occupations, and the fourth to lighter work. In three cases, disability has persisted ; or at 
least these men have been unwilling to attempt work or to admit satisfactory results. 

Experience with these cases has led the authors to feel that, while the full solution of 
this problem has not yet been found, the procedure suggested and tried may help to solve 
some of the difficulties encountered in fractures of this type. The results seem promising 
enough to recommend this procedure in certain instances. The selection of cases for this 
form of treatment should be made with care, and only after an evaluation, based upon the 
physical, p.sychological, and social factors peculiar to the individual, has been made. This 
procedure should be limited to cases of severe crush fractures of the heel, in which other: 
methods have been tried and found inadequate. Furthermore, the patient must be one 
who has a sincei-e desire to “get well” and to return to his occupation. 

No harmful effects were observed from peripheral-nerve section in an}'- of these cases. 
No single evidence of trophic change occurred. This experience coincides with those 
previously reported. In fact, Smithwick and White, with regard to cases of thrombo- 
angiitis obliterans, have stated, “After an extremity has been desensitized, ulcerations 
which previously resisted all methods of treatment will frequently heal”. The patient is 
warned of the necessity for cleanliness and is cautioned to avoid shoe pressure or friction. 
He is told of the peculiar sensation of numbness that will at first make walking seem 
strange, and he is cautioned to guard against injury. However, in all instances, sensation, 
wholly or in part, gradually returned without pain, and the only advice needed was to 
continue foot hygiene. As far as could be determined, there seemed to be little choice 
between neiA'^e resection and simple division with resuture. Due to the peripheral site of the 
operation, it would seem best to remove a .small segment of nerve to prevent too rapid 
recoveiy of sensation. This procedure is offered as a method of handling a problem that, in 
many instances, seems otherwise unsolvable at present. 
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RESECTION OF THE OBTURATOR NER^T] FOR RELIEF OF PAIN IN 
ARTHRITIS OF THE HIP JOINT 

BT E^Li.XUEL B. KAPLAN, II.D., F.A.C.S., NE-W YORK, N. Y. 

From the Department of Anatomy, College of Physicians and Surgeons, 

Columbia University, and the Hospital for Joint Diseases, Neic York City 

The treatment of painful hip joints caused by destructive arthritic processes presents 
a difficult problem to the orthopaedic surgeon. 

The purpose of this paper is to describe a simple method which produces relief of 
pain in a large number of cases, irrespective of the cause of the arthritic changes. 

The method was first introduced in France in 1934 by Tavernier, following the pro- 
cedure suggested in 1933 by Camitz in Sweden. Camitz obser\'ed veterinarj’ surgeons 
performing resection of sensory neiwes in the hoofs of horses, and thought of apphdng the 
same principle in the treatment of human hip joints. He was the first to report several 
cases. 

Other surgeons in France then used this method of treatment, and they were ap- 
parently satisfied rrith the results. According to Tavernier, treatment consisted in an 
a\mlsion of the obturator neiwe through an incision over the femoral triangle. The sim- 
plicity of the method and the reported relief from pain encouraged the author of this 
article to operate for the first time on a patient with severe jMarie-Strumpell arthritis, 
involving the spine and both hip joints. The patient had been bedridden for about three 
months previous to the operation. On October 20, 1945, an avulsion of the obturator 
nerve through the femoral triangle of the right extremity was performed. The relief from 
pain was so satisfactory that the patient requested that the operation be performed on 
^the left side. This was done in February 1946. The immediate results from both operations 
V/ere excellent. Since then, the patient has returned to his occupation as a gardener. 

The relief from pain obtained in this case prompted further operations, as well as a 
more searching investigation of the relation of the obturator ner\'e to the nerve supply 
of the hip joint. 

The description of-the nerve supply of the hip joint varies in the textbooks of anatomy 
and is incomplete. Neither is the relation of the obturator nerve to the capsule of the joint 
well described. Tavernier states that the deep branch of the obturator nerve supplies the 
greatest part of the anterior capsule of the hip joint, the head of the femur, and the ace- 
tabulum; and that the articular branches to the anterior capsule of the joint can be rfs- 
ualized in the cadaver and recognized upon operative intervention. 

A personal study of the obturator nerve at its exit from under the horizontal pubic 
arch was made to clarify the problem. Dissection of the articular branches of the obturator 
nerve is technically very difficult, and requires fine and patient search with the aid of 
magnification. The articular branches of this nerve were examined on twenty-four ca- 
davera, dissected by the more skillful first-year medical students at the College of Physi- 
cians and Surgeons, Columbia University, and also in thorough dissection of four hip 
joints by the author. Tavernier's description was confirmed to a certain extent. However, 
it could not bo agreed that the articular branches to the joint capsule are easily seen. The 
illustration (Fig. 1), dravm from one of the specimens dissected by the author, shows the 
femoral triangle cleared of skin, fascia, and the large vessels and nerves of the region. The 
pcctineus has been divided near its origin, and reflected outward. The horizontal branch 
of the pubis was resected to expose the obturator nerve in its course from the pelvis into 
the thigh. The pubofemoral part of the capsule was detached from the pubis, and reflected 
and rotated so that the antcro-inferior part of the capsule is exposed. The largest articular 
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Fig 1 



brancli of the obturator nerve originates" 
from the common trunk, before its division 
into a superficial and a deep branch. Mul- 
tiple slender articular branches are also 
found here. The superficial branch ol the 
obturator nerve is seen to penetrate be- 
tween the adductor longus and the adductoi 
brevis. The deep branch enters the space 
between the adductor brevis and adductor 
magnus. Although this is the most com- 
mon arrangement, the articular branches 
to the anterior capsule have also been seen 
oi'iginating from either the superficial oi- 
deep branch of the obturator nerve. The 
other articular branch, frequentl}'- described 
as enteiing the head of the femur through 
the round ligament, could not be followed. 

The difficulties connected with dissection 
of the slender articular nerve branches 


aic apparently responsible for the absence of clear information concerning the nerve 
supplj’’ of the hip joint. This nerve suppl}’- is generally described as consisting of anterior 
and posterior branches. The posterior branches arise from the sacral plexus, either directly 
or through the sciatic ner\'e, or from the posterior femoral cutaneous nerve. An additional 
liranch is supplied by the nerve to the quadratus femoris. The anterior bi’anches are sup- 
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plied by the lumbar plexus through the femoral and obturator nerves. Apparently the 
greatest part of the nerve supplj" to the joint is derived from the multiple branches of the 
obturator nerve. 

Anatomical dissection showed that the easiest approach to the obturator nerve is 
through the femoral triangle (Scarpa’s triangle). An incision, three to four inches long, 
is made parallel to the lateral border of the adductor longus muscle, which can be easih' 
palpated, or may be found by connecting the pubic tubercle with the point of intersection 
of the sartorius, by a descending vertical line bisecting the inguinal ligament (Fig. 2). 
In the male patient, care must be taken not to divide the spermatic cord near the pubic 
tubercle. After the skin incision has been made, several layers of fat separated by superficial 
fascia are encountered, especially in obese patients. These fascial planes are divided, 
until the deep fascia covering the muscles of the femoral triangle is exposed. As soon as 
the deep fascia has been recognized, the long saphenous vein is retracted laterally. It 
should never be retracted medially, as it pulls with it the femoral vein. The saphenous 
vein may be hgated, if it is in the way. An incision is then made in the fascia, along the 
lateral border of the adductor longus. The space between the adductor longus and the 
pectineus muscle is easily found, and is separated bluntlJ^ It may be observed at times that 
the pectineus muscle is overdeveloped, and hinders the exposure of the obturator nerve. 
It can easily be divided near its origin from the pectineal line. The separation of these two 
muscles uncovers a fascial space, usually filled with fat and crossed by vessels deriving 
from the obturator and the medial circumflex arteries and veins. Ligation of these vessels 
is a simple and rapid step. By gentle separation of the fat, the anterior branch of the ob- 
turator nerve is found and followed to the point of exit from under the superior arch of the 
obturator foramen. The identification of the articular branches is apparently veiy difficult. 
It is best to follow the nerve to the point of exit from the foramen, dmde it, and a\n.ilse 
it as high as possible in a manner similar to that followed in phrenicectomy. The avulsion 
involves the two branches of the obturator nerve. No special closure is necessarj'. A few 
Ssutures in the subcutaneous tissue and skin are all that are requhed. 

Of course, it is possible to approach the obturator nerve through the suprapubic route 
as described by Chandler, or through a medial incision between the adductor longus and 
gracilis muscles.. 

However, as many of the patients with arthritis are in the middle-age group, and are 
frequently obese, the suprapubic approach is involved and .difficult. The relation of the 
obturator nen^e to the artery and veins at the point of its penetration into the obturator 
foramen from the pelvis is quite inconstant. In the attempt to reach the nerve through the 
suprapubic opening, injury to blood vessels is possible, and difficulty in controlling bleed- 
ing may be very great. This is especially true in an elderly patient with arteriosclerosis. 
An additional incision is necessarj' if an adductor tenotomy is required. The approach be- 
tween the adductor longus and gracilis does not represent a direct route to the exit of the 
nerve from the obturator foramen into the thigh, or to the extensive network of vessels 
usually found under the adductor longus. 

In the author’s experience, the anterior route is undoubtedly the simplest. 

Following the first successful result and the anatomical study of the region, fifty-three 
patients were operated upon according to this procedure, by the author and other surgeons 
at the Hospital for Joint Diseases. 

The cases were selected mostly for relief from pain in the presence of arthritis, ir- 
respective of cause, and the results were considered good when pain disappeared, and when 
the patient could walk better after operation. The results were considered satisfactory 
when the pain diminished sufficiently to permit the patient to walk. 

To determine the possiiile effect of the resection of the obturator nerve before the 
operation, an injection of novocain into the obturator nerve was given. The procedure of 
the injection is simple. The patient is placed flat on the back, and the affected extremity 
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is abducted to stretch the tendon of the adductor longus. A 22-gauge needle, two inches 
long, is then introduced near the origin of the adductor longus, close to its lateral border, 
and is pushed down to the horizontal ramus of the pubis. As soon as the bone is reached, 
the point of the needle is deflected down under the horizontal ramus and is pushed one or 
one and five-tenths centimeters into the foramen. Ten cubic centimeters of 1 per cent, 
novocain without adrenalin is injected. If relief from pain is obtained after the injection, 
the operative resection of the obturator nerve is considered advisable. 

The following postoperative observations were made in the majorit}'- of successful 
cases: As soon as the patient recovered from the operation, the disappearance of pain was 
noticed. On the day following the operation, the patient was able to get out of bed. Ex- 
-amination of the extremity operated upon did not disclose anj’- sensoiy disturbances over 
the inner aspect of the thigh or knee. In most of the cases, there was no anaesthesia and 
seldom any h 3 ^po-aesthesia in this area. If previous to the operation there was no severe 
■deformity, the patient was able to walk with greater ease, as soon as the operative woun 
had healed. Active adduction remained normal, and was rarely even slightly weakenec 
But, even if preoperative flexion contractures existed, the pain was eased, and walkin 
was more comfortable. In a certain number of cases, the pain disappeared for months, bu 
recurred later. In cases where there was no relief immediately after this operation, patient 
required other surgical procedures. 

Roentgenographic examination of the joints after resection of this nerve did not sho\ 
^n}'- changes suggestive of trophic disturbances in the acetabulum or head of the femur 
either immediatety after the operation or at subsequent dates. 

Of the fifty-three patients operated upon, three patients had a bilateral avulsion o 
the obturator nerve. The others had an avulsion in one extremity only. Ten patienti 
had excellent earlj'- and late results. Six patients had good results. Nineteen patients im 
proved. Seven patients showed no improvement. In eleven cases, the information was no' 
complete. Thus, following the operation, there was improvement in over 67 per cent, o: 
the patients in this series. Of course, it must be stated that the longest period of observa- 
tion after operation was onty about one and one-half 5 ’’ears. It is impossible to forese'( 
whether or not these patients will remain free from pain and capable of carrying on their 
activities. 

In view of the favorable reports from France and the experiences at the Hospital for 
Joint Diseases, it is believed that the procedure may be of help in manj^ instances. It is 
possible that, under special circumstances, it maj'' even replace the more extensive pro- 
cedures. It is not known what is responsible for the return of pain months later, in cases 
where relief was obtained immediatety after the operation. Future experience maj’’ throw 
more light on this problem. 

For the present, however, the operation, due to its technical simplicity and the slight 
amount of adduction, can be used either as an independent procedure, or in conjunction 
with more extensive operations to relieve or prevent pain in the hip joint. 
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BT LIEUTEXAXT COLOXEL HEEBEBT AV. HARRIS AXD 
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Medical Corps, Army of the United States 

From the 17th United Slates General Hospital, Naples, Italy 

Salmonella suipestifer, a paratyphoid organism, also knowTi as Salmonella choleraesiiis, 
jives rise to three clinical syndromes: (a) acute gastro-enteritis (it maj^ be a cause of 
epidemics of “food poisoning”), (b) a t 3 ’phoid-like fever due to bacteriaemia, and (c) a 
pj^genic infection, in which the organism becomes localized in anj' one of a number of 
sites. Cases of this condition have been reported, associated with pj'arthrosis, osteomj'e- 
litis, purulent meningitis, subdural abscess, pj^elonephritis. perinephric abscess, pericar- 
ditis, subacute bacterial endocarditis, peritonitis, splenic abscess, empj-ema of the gall 
bladder, acute appendicitis (a fatal case), salpingitis, infected uterine mj-oma, psoas 
abscess, periproctal abscess, and subcutaneous abscess. The infection will commonh’ be 
localized in the lung, where it gives rise to pneumonia. 

Because of the absence of gastro-intestinal 85 Tnptoms in some infections with this 
organism, and because the reputation of this organism as an abscess producer is not well 
known, although firmly established, it is thought worth while to report a case of infection 
of the knee joint with this organism. 

PREVIOUS REPORTS 

Harvej^, in 1937, summarized the findings in seventj^-one cases of Salmonella suipes- 
'iifer infections, — fifty from the literature and twenty-one new cases. Twenty per cent, of 
the patients had involvement of the bones or joints. The sexes were equallj' affected. The 
individual joints were involved as follows: knee in four cases, shoulder in six cases, ankle 
in three cases, and multiple joints in five cases. Harvej’’ mentions two cases with osteo- 
mj'elitis, involving almost everj^ bone in the bodjL In the majority of the cases of pj'ar- 
throsis and osteomj'elitis, articular involvement was the first sj'mptom of note. Onlj' oc- 
casionalty was a historj’’ of trauma to the joint elicited. The involved joint was usualh' 
swollen, warm, and tender, and aspiration revealed pus. Osteomyelitis of the adjoining 
bone was not infrequent. In all the fatal cases there was extensive, multiple involvement 
of the bones. In no case did mono-articular involvement prove fatal. Five cases of spon- 
dylitis, all in men between the ages of seventeen and fortj'-six, were reported. In ten cases, 
infection of the costal cartilage was noted, — all in men between the ages of seventeen and 
thirtj'-scven j'ears. 

Of twenty-eight cases reported by Ravitch and Washington, almost all were in negro 
children. 

Guthrie reported a fatal case of Salmonella suipcslifcr infection in an infant, aged 
/ seven months, with pj'arthrosis of the right shoulder joint. She stated that, from a survej- 
\ of the literature, it appears that children are more su.sceptible than adults to this infection. 

I Gajzago and Gottche reported six c.a.^cs of osteomj'elitis duo to Salmonella suipr.Aifer. 
all in children under one year of age. They also collected from the literature thirtj'-four 
cases of Salmonella infection in children under the age of two. 50 per cent, of whom bad 
osteomj'elitis or inirulcnt arthritis. 
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TABLE I 

Agglutination Beactions 


Date 

Organism 

Titer 

Sept. 19, 1944 

Tyjihoid H 

1 to 320 

1 

Tj'phoid 0 

1 to 160 


Brucella mclitcnsis 

0 

Oct. 4, 1944 

Paratyphoid A 

1 to 40 


Paratj'phoid B 

0 


Paratj'phoid C 

0 


Organism from patient's knee fluid 

' I to 320 


Organism from iiatient’s blood 

1 to 160 


of the left femur. Debridement of the compound ivound, manipulation of the fractures, and application ol 
a hip spica were done at a Station Hospital on the day of the accident. 

He was admitted to the 17th General Hospital on September 11, 1944. On admission, his temperature 
was 101. C degrees; but, except for moderate dchj'dration, his condition appeared good. Inspection of his 
compound wound showed no evidence of infection. He was placed on a loutine of 25,000 units of penicillin 
intramuscularly, eveiy three hours; this was continued until October 14. His hematocrit level on September 12 
was 25.4 per cent. The blood deficit was made up by repeated transfusions. He continued to have a septic 
tT'^pe of temperature, and at times was mildlj'^ stuporous. There was dail 3 ’- vomiting, and he had to be given 
fluids intravenously. Because he gave a histoiy of previous une.vplained fever, tests for malaria were done, 
but no parasites were found. No reason for his fevei’ was discovered. 

By September 21, his fever had subsided, the vomiting had stopped, and his condition appeared to be 
good. Internal fixation of the oblique tibial fracture was done with screws, and the wound was left open. 
A Steinmann pin was passed through the upper portion of the tibia for treatment of the fractured femur by 
balanced traction. A toe-to-groin cast was applied. 

His condition remained good until the night of September 25, when his fever rose to 102 degrees. He 
continued to have fever and, on September 28, the compound wound was explored through a window in the 
cast. The wound was found to be clean and, in spite of the fever, secondary closure was done. On that night, 
his temperature was 104 degrees, and the following day he complained of pain in the left knee. The cast was' 
removed, and the knee was found to be u'arm, tender, and distended with fluid. A cloudy fluid was obtained 
on aspiration. The knee was irrigated with saline solution, and 10,000 units of penicillin was injected. 

The patient’s temperature continued to rise daily to 102 degrees. Examination of the knee on October 4 
showed that it was still distended and tender. Arthrotomy was done through a medial parapatellar incision. 
The synovial membrane was found to be acutely inflamed. The knee iras filled with purulent bloody fluid. 
No damage to the cartilage was seen. The knee joint was irrigated with saline solution, and the synovml 
membrane was closed; 10,000 units of penicillin was left in the joint. Because the patient was having so 
much pain in traction, he was placed in a hip spica. Reduction of the fractured femur had not been obtained 
with traction. On October 5, an initial dose of 4.0 grams of sulfadiazine was given, followed by 1.0 gram 
every four hours. On October 15, the dosage was reduced to 1.0 gram every six houis; it was discontinued 
on October 23. 

Penicillin was again injected into the joint on October 6, through a window in the cast. By October lU. 
the temperature was normal. Inspection of the arthrotomy wound showed it to be clean, and secondnrj 
closure w'as done. There was no recurrence of fever, and the patient’s general condition improved 

ft * 

Because of this serious illness, the patient was not considered able at that time to undergo the operation 
required for his fractured femur. Accordingly, on November 7, he was evacuated to the Zone of the Interior 
in a hip spica for further care. Information is not available as to the end results in this case. 


Laboratory Stzidies 

Blood for culture was taken on September 19. After six days of incubation, an organism was grown, 
which was identified as Sahnonelta choleraesuis, variety Kunzendorf. Cultures of fluid aspirated from the 
knee on September 28, September 30, and October 2 revealed the same organism in each specimen, bubse- 
quent blood cultures (on September 29 and October 4) showed no groudh. Stool cultures on October 4 and 
October 7 showed no pathogenic organisms. . , , . , , • rp , , r 

The aEKhitination reactions noted in the patient s blood are shown in Table 1. r ■ -u 

The nSte-blood-cell count varied from S,lo0 to 13,600 cells per cubic millimeter dnnng the febrile 
■ 1 -.f Ilm illne=:s with in average polvmorphonuclcar count of 77 per cent. The .sedimentation rate on 
S "a“T; rose Iron. 25,4 per cct. on Sop.c.olrcr ,2 P, 40.9 
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per cent, on October 6; repeated transfusions, totaling five liters, were given during the course of the illness. 
The blood sulfadiazine level on October 15 was 8.0 miUigrams per 100 cubic centimeters. 

Questioning of the patient regarding intestinal symptoms revealed that, on September 20, he had had 
diarrhoea , consisting of two loose stools ; bj’ the next day his bowels had returned to normal without treatment. 

DISCUSSION 

The patient received numerous forms of treatment simultaneously, and it is, there- 
fore, difficult to decide which was effective. Neither sulfadiazine nor penicillin is supposedly 
effective in Salmonella infections. In this case, a combination of the two drugs, plus local 
therapj^ to the joint, was followed by recoverj’-. It is impossible to estimate the role of the 
repeated transfusions or of the immunity acquired by the patient, in the subsidence of the 
disease. 

The portal of entry is assumed to be the digestive tract. The authors’ inability to 
culture the organism from the stool corresponds with the experience of Guthrie, who 
stated that the organism is rarely isolated from the faeces. In the case reported bj* Guthrie, 
the autopsy showed no intestinal lesions. Similarly, in a case reported by Boycott and 
McNee, the autops}' disclosed no significant intestinal lesions. 

The marked trauma in the patient reported here may have favored localization of the 
infection to an adjacent joint. The debilitated condition of the patient may have con- 
trilnited to the severity of the infection. Goulder, Kingsland, and Janeway point out that, 
when infection with Salmonella suipeslifer occurs in epidemic form as acute food poisoning, 
the mortality is low; but when it occurs in endemic form, it often complicates some 
debilitating disease and has a considerable mortalit 5 '. 

Age is veiy important in the prognosis of bacteriaemia with this organism, according 
to Harvey. The mortality in patients less than twenty-five years of age was 19 per cent, 
in his series, while among patients over twenty-five years of age it rose to oS per cent. 
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SALMONELLA SUIPESTIFER PYARTHROSIS OF THE KNEE JOINT 


BY EVERETT J. GORDON, M.D., AND NATflAN SHECHTER, M.D., CINCINNATI, OHIO 
From the Department of Orthopaedic Surgery, College of Medicine, University of Cincinnati 

Infection with Salmonella sutpesiifer is unusual in man. It is not listed in Barnes’s 
grouping ^ of the twenlj'^-four Salmonella types found most frequently in human infec- 
tions; this grouping was based upon data compiled from the National Salmonella Center, 
Washington, D. C. 

Although paratyphoid bacilli, types A, B, and C, are generallj’’ considered the causa- 
tive agents in “parat3^phoid fever”, almost ISO Salmonella types have been identified by 
serological and bacteriological means. Of these, appro.vimatelj'' seventy-five have been 
recovered from human infections, and the balance from various bird and animal sources. 
The term salmonellosis, which includes the name of the specific etiological oi’ganism, is 
suggested bj'' Barnes as a more accurate designation for the members of this group. 

Bone infection results from e.xtension of the enteric infection by waj^ of the blood 
stream. The original infection maj'- appear as ( 1 ) enteric fever, in which there is early 
extension of the organism into the blood stream, with such s3’-mptoms as fever, malaise, 
insomnia, and headache, appearing from seven to fourteen days after ingestion of the 
organism; ( 2 ) acute gastro-enteritis, in ivliich a prolonged infection of the intestinal 
mucosa leads to late ulceration and resultant late bacteriaemia; or ( 3 ) a carrier infection, 
without previous gastro-intestinal s3"mptoms. Because the majorit3r of the salmonelloses 
are primaril3'- of animal origin (occurring in domestic and wild birds, horsemeat, pork 
and pork products, duck, pigeon, and goose eggs, rats and mice, house flies and mosquitoes, 
wood ticks, and many others), human sources of infection have been large^’’ ignored. .How- 
ever, Rubenstein, Feemster, and Smith isolated various Salmonella t3^pes from humans 
who remained infectious for periods up to six months, and even for one 3^ear after an 
enteric infection. Permanent human carriers are well-known sources, and are less apt tO', 
be overlooked than are persistent convalescent carriers and unrecognized cases of sub- 
clinical infection. Thus salmonellosis ma3’’ spread from case to case without animal 
propagation. 

The epidemiological and clinical implications of Salmonella infections have resulted 
in many contradictoiy reports. Because of the mild nature of some paratyphoid cases and 
their uncharacteristic clinical picture, which ma3'' simulate any of several common symp- 
tom-complexes, it is believed b3^ some that these infections are inconsequential, except in 
infants and in the aged. Actually, persons in all age groups are susceptible to Salmonella 
infection, but the majority of eases do occur during the first decade of life. In Rubenstein’s 
cases of Salmonella typhimurium, 39 per cent, of the patients were under ten 3^ears of age. 
An unusual case of Salmonella montevideo pyarthrosis of the knee, to be reported by Dr. 
Theodore .H. inke, was also in a child. 

Salmonella suipestifer or hog-cholera bacillus is usually found in association with the 
virus of hog cholera, but has also been isolated from cattle, sheep, and rodents, as well as 
from tapioca pudding, ice cream, milk, and crab meat. Human infections with Salmonella 
suipestifer have been reported from all parts of the world since it was recognized by Long- 
cope in 1902 . The3" frequentty occur in epidemics, and are usualB’" dietaiy in origin 

Salmonella suipestifer is a gram-negative, motile bacillus, belonging to Group C: ol 
the Kauffmann- White classification of Salmonella ®. Jager and Lamb state that it is recog- 
nized “by its selective fermentation reactions and b3’- agglutinations with .specific anti- 
serums”. “The term ‘Salmonella suipestifer' includes several organisms that have both 
the somatic antigens VI and VH but differ slightly in their flagellar antigenic components 
and in their selective fermentation reactions.” The organism is bacteriologically closely 
similar to Salmonella of the Oranienburg type. 
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Infections ^vith Salmonella suipestifer in the human usuall}' run a short but stormy 
course, and subside spontaneously. Numerous cases of bacteriaemia have been reported, 
but positive blood cultures are exceedingly difficult to obtain. 

Hunter, Andresen, and Hutchinson state that the most frequent complications noted 
are infections of the bones and joints, purulent meningitis, endocarditis, urinary-tract 
infections, and secondarj’^ infections of surgical wounds. Abscess formations in other parts 
of the body are rare, but do occur. 

Weaver and Sherwood, in 1935, reported a case of Salmonella suipestifer pyarthrosis 
of the knee joint in a nine-month-old girl. The patient had a septic course, characterized 
by moderate effusion and a local area of induration over the medial femoral cond 3 'le. 
There was roentgenographic evidence of a ragged line at the lower femoral epiphj’^sis with 
spurring; elevation of the periosteum was present. At operation the periosteum was found 
to be ruptured just above the medial aspect of the lower femoral epiphj'sis; and thick 
yellow pus overlaj' the necrotic bone. The wound was drained and packed with petrolatum 
gauze; and the limb was immobilized in plaster, with good resulting function. Weaver and 
Sherwood believed that pyarthrosis due to Salmonella suipestifer occurred onlj’^ in infants; 
the primarj’- focus was in the epiphj’-seal plate, with extension toward the joint. 

Harvejq in a comprehensive survej’- of fifty reported cases of Salmonella suipestifer 
infection in human beings, with the addition of twenty-one cases of his own, divided 
sporadic infections into two major clinical groups: The first and larger group included 
typhoid-like infections, characterized bj’’ bacteriaemia without localizing signs. There 
was usually a sudden onset, chill and fever, anorexia, vomiting, headache, rapid pulse, 
leukopenia, and mild bronchitis in older patients. In the second group were found infec- 
tions with bacteriaemia and localization, most frequentlj’ in the pulmonarj' area, with 
resultant bronchopneumonia, lobar pneumonia, pleurisj* with effusion, or empj'ema. 
Other sites of involvement were the bones and joints (in fifteen of the seventy-one cases 
survej'ed), surgical wounds, endocardium, urinarj' tract, and meninges. With the localiza- 
^tion there was suppuration and a white blood count of from 16,000 to 28.000. 

HarNej' noted in his cases that objective evidence of articular involvement was de- 
la j'ed from a few daj's to two months, although in the interim the patient usualh' com- 
plained of general malaise and had difficulty in using the affected extremitj’. A histoiy 
of trauma was occasionallj' elicited. The patient usualh’' had a remittent fever, but was 
sometimes afebrile. Examination revealed a warm, swollen, tender joint with ertyhematous 
skin and pain on active and passive motion. Effusion was almost alwaj's present. Greenish 
purulent material was obtained on aspiration; culture yielded pure Salmonella suipestifer. 
Osteomj’^elitis of adjacent bones was frequentty found. Roentgenographic findings were 
■often normal in the earlj"^ stages, but later such changes as periosteal thickening, rare- 
faction, and erosion of the adjoining bone were seen. 

Harvej’ listed four cases involving the sacro-iliac joint, ten with infection of the 
eostal cartilage, two of the sternoclavicular joint, three of the hip joint, two of the knee 
joint, and one of the s.vmphj-sis pubis, — a definite predilection for the amphiarthroidal 
type of joint. Except for one ten-j'ear-old girl, all of the patients were men. ranging in age 
from seventeen to thirtj'-seven j-ears. Treatment bj' repeated aspiration or open drainage 
of the joint, and traction or immobilization as indicated, usualh' resulted in rapid fall of 
the temperature to normal, gradual subsiding of the swelling, and free joint motion in from 
three to six weeks, with resultant complete function. 

Ssokoloff mentions thirt\' cases of surgical complications, including five ca-^es of 
spondylitis; his patients were men, ranging from seventeen to fort\'-six j-cars of ago. 

The following case of Salmonella suipc.'^tifcr p.varthrosis of the knee joint i-^ of unusual 
interest, because of a pre-existing osteochondritis dissecans of the femoral intcrcond.vlar 
notch, which ma\' well have been a factor in the localization of the infection. 
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CASE.REPOllT 

E. T. (Cincinnati General Hospital No. 214428) was a .single negro male, thirty-eight years old. He iv... 
admitted June 3, 1946, with a chief complaint of pain in his left knee (Fig. 1-A). Ten days before admission, 
he tripped and struck his left knee on the sidervallcj this rvas followed by jjain of several hours’ duration, 
After the pain had disappeaj-ed, ho was able to return to ivoidc. The day before admission he awoke with shariJ 
pain in his left knee, despite which he was .able to get around. Tlie knee was quite warm, but not swollen. 
That night his knee became swollen and warmer; he felt feverish; and he was unable to bear weight on the 
knee. " 

There was no history of f.amilial disease or of tuberculous contacts. The past history revealed that, 
eleven years before, his left knee had been struck by a baseball bat. The injury produced pam and swelling 
which were treated by limited weight-bearing for four months. Following this episode the knee always 
seemed larger than the right one, and the patient had intermittent periods of pain and swelling after minor 
traumata. Tavo 3 ''ears before admission he fell, wdiile working at an airplane plant, and injured his knee once 
more; thereafter, pain and discomfort became more frequent and more intense. He had been given a medical 
discharge from the Army eight months before onset of his present difficulty, because of recurrent effusions, 
requiring aspiration, and limited function of his left knee after a fall from a motorcjmle. His service had 
been largely in the Midwest, and he had not left the United States. He denied any venereal disease or urethral 
discharge. There had been no ingestion of uncooked meats or unpasteurized milk, and no dietary indiscretions. 

On admission, the patient’s temperature was 101.6 degrees, pulse 68 and respirations 22 per minute. 
The blood pressure was 130 systolic and 76 diastolic. Phj^sical e.vamination shoAved a AA’ell-developed, well- 
nourished negro male in moderate distress, Ijdng on his right side. Positive findings were limited to the left 
knee, which was SAA'ollen, hot, and exquisite^ tender over the entire joint area; moderate effusion AA'as 
present. The knee AA'as held in 175 degrees of extension; attempted flexion Avas painful and was limited by 
muscle spasm. 

The' blood findings on admission AA'ere as folloAA's: 

Red blood cells 5,750,000 

Hemoglobin 12 gr.anrs per 100 cubic centimeters 

Wliite blood cells 8,450 

Polymorphonuclear neutrophils 65 per cent. 

Lymphocytes 33 per cent. 

Monocytes 2 per cent. 

The urine contained a trace of albumin and from ten to tAA'ent}'' AA'hite blood cells per high-poAver fiekL 
Urethral and prostatic smears Avere negative for gram-negative intracellular diplococci. The blood Kahn 
reaction was negative. The blood urea nitrogen AA'as 14 milligrams per 100 cubic centimeters. An electrocardio- 
gram revealed nothing abnormal. 

Aspiration of the knee-joint fluid AA'as performed in the receiving AA'ard, and 65 cubic centimeters of amber 
cloudy fluid, filled with pus cells, was sent to the laboratory'- for culture and analj'sis. 

Roentgenograms of the chest were negative. Roentgenogi'ams of the left knee revealed osteochondritis 
dissecans of the intercondylar notch of the femur, and sAA'elling of the joint capsule. 

Sulfadiazine, an initial dose of tAA'o grams and then one gram every four hours, AA'as instituted on the 
day of admission, following a presumptive diagnosis of gonococcal arthritis; but the temperature rose to 
103.6 degrees, despite maintenance of adequate blood levels. Penicillin, 20,000 units intramuscularly' every 
three hours, AA'as, therefore, added the folloAV'ing day. On the second day of the patient’s stay in the Hospital, 
65 cubic centimeters of a yelloAA', turbid, viscid fluid AA'as aspirated from the joint. Micz'oscopic analy'sis 
disclosed 17,500 white blood cells with 88 per cent, polymorphonuclears, and 4,125 milligrams of protein per 
100 cubic centimeters. Direct smears were negative, including acid-fast stains. The fluid AA'as sent to the cen- 
tral laboratory' for culture. The dosage of penicillin AA'as increased to 25,000 units every two hours, but the 
knee remained hot, tender, and swollen, and the high fever continued. 

Blood cultures were taken on the patient’s second and fourth day's in the Hospital; they AA'ere reported 
as negative. 

Daily' aspirations of the joint fluid were performed; the purulent and high-protein character of the fluid 
remained essentially the same. On the fourth day in the Hospital, the first culture of the knee-joint fluid AA'as 
reported to contain an unidentified gram-negative bacillus. Further laboratory' studies Avere instituted, in- 
cluding a blood Widal test for typhoid and paraty'phoid, A and B, brucellar agglutinations, and a complement- 
fixation test of the blood for gonococcus. All of these tests AA'ere negative. On the tenth hospital day tlic 
organism, found in the aspirated fluid on admission, AA-as identified positively' by' fermentation and serological 
reactions as Salmonella suipeslifer (Kunzendorf variety'). This AA'as confirmed by reports of positive culturc.s 
in each of the nine daily aspirations of the knee-joint fluid, performed subsequently'. Stool cultures aa'cio 
negath'e for pathogenic organisms. In A'ieAV of the finding of a gram-negative bacillus, and the lack of ro.^pon.so 
to preA'ious therapy, the sulfadiazine and penicillin were discontinued, and streptomycin therapy AA'a.s hegim 

(on the seventh hospital day’). 
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Fig. 1-A Fig. 1-B 


\ Note the lesioa of osteochondritis dissecans in the posteromedial portion of the medial femoral 
condyle in both roentgenograms. There is also an appreciable widening of the intcrarticular space, and 
minimum hj^pertrophic lipping of the medial tibial tuberosity in the anteroposterior view. 

The intramuscular administration of 125 milligrams of streptomycin in 3 cubic centimeters of saline 
every three hours resulted in a rapid fall in temperature, and in negativ’e joint and blood cultures. However, 
the streptomycin had to be discontinued after nine days, because of repeated sterile abscesses at the sites of 
injection.* Two days later the joint fluid again gave a positive culture for Salmonella suipeslifer, and addi- 
tional streptomycin was given by the intravenous route; this form of administration, too, had to be dis- 
continued, because of a severe febrile reaction and local thrombophlebitis. The temperature dropped to 
normal by lysis on the twenty-sixth hospital day, and remained normal thereafter (Fig. 1-B). 

The fluid in the knee again required aspiration on July 7 (the thirty-fourth hospital day), at which time 
cultures for Salmonella suipeslifer were still negative; however, there were 7,800 white blood cells per cubic 
millimeter. Blood agglutinations, taken at this time for paratj'phoid B, were positive up to dilutions of 1 to 
320. The knee improv'cd progressively, so that, on the forty-second hospital day, it was no longer swollen or 
tender. Motion was still restricted, however, from ISO degrees of extension to 105 degree- of flexion. There 
was still some synovial thickening, but no effusion. Physiotherapy was begun cautiously, and re-ultcd in an 
increased range of motion. The patient was discharged from the Hospital on July 20, the fifty-second hn-pital 
day, on crutches without weight-bearing. 

He failed to appear for his physiotherapy appointment-, and when next seen in the Orthopaedic Clinn . 
on August 2, two months after his original admis-ion, there had been some regression in joint motion, the 
jrango then being from ISO to 130 tlegrecs. The p.itient had discarded his cnitche- of hi- own accord. When 
seen two weeks later, there was some rc-idual thickening of the left knee, which was thrce-rpiartcr- of an 
inch larger in circumference than the right knee, .and the ningeof motion w.is from 175 to 100 degree- .‘^licht 
tenderness was noted on the anteromedial a-pcct of the joint. A culture, secured by - ihne 1 iv.igc of the j( mt. 
was reported as ncgitivc. The p.itient was l.a-t -een on Augu-t 30, at iihirh time there w;ls no -aclhng or 
tenderness, no synovial thickening, and no instability. He had a mnee of motion from I'-O to 00 degree-, and 
ho was aide to rc-unie his occupation as a tire worker. 

• .V rv'port on streptomycin, to Iw pubh-hed by the Department of Medicine, tvill include furtlicr detail- 
of the .stivptom.vciti th<‘rapy and its complications. 
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COMMENT 

The presence of a degenerative joint lesion, osteochondritis dissecans, which had been 
.aggravated by repeated traumata, ma3’' liavc predisposed the joint to localization of the 
infection. However, it apparentl3’’ did not influence the course of the infection, since com- 
plete recoveiy occurred in three months from the f.ime of onset, without extension of the 
.suppurative process into the adjoining bones. This might liave been expected from the loss 
•of the normal cartilaginous barrier in the region of the ostcochondritic defect. The defect 
.showed no ]‘oentgenogi-aphic change during the course of the infection. 

Only a few cases of t3''phoid and Salmonella infections have been treated by strep- 
tomycin. Results were reported as generall3’- unsatisfactoiy In this case, clinical improve- 
ment (fall of temperature and pulse to nearl3'’ normal and decreased swelling and pain in 
the knee) was manifest three da3'-s after streptom3’'cin therap3'’ was begun. The positive 
joint cultures became negative and remained so, wlien sufficient streptomycin had been 
.given. 

Although the infection resolved complete^'-, and the immediate functional result was 
■excellent, it is to be expected that the degenerative changes of osteochondritis dissecans, 
previousl3'' present, will result in more joint disturbance at a later date. An arthrotomy 
mQ,y be required, but this will be dela3'-ed until it is deemed safe to open the joint. 
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FRACTURE OF THE FEMORAL SHAFT COIMPLICATED BY 
HIP DISLOCATION 


A Method of Treatment 

BY B. R. MHLTBERGER, M.D., C. LESLIE MTCHELL, M.D., AND DONALD lY. HEDRICK, M.D., 

DETROIT, MICHIGAN 

From the Division of Orthopaedic Surgery, Henry Ford Hospital, Detroit 

Traumatic dislocation of the hip is a relativelj’’ rare injurj’’, comprising about 2 to 5 
per cent, of all dislocations. Dislocation of the femoral head, complicated b 3 ^ a fracture of 
the femoral shaft, is an extremely rare lesion which alwaj's presents a problem of treat- 
ment. Such a case is reported here because of the method of treatment which, as far as the 
authors are aware, has not been described previouslj''. 

John Royal Moore classified fracture-dislocation of the hip as follows; 

1. “Central dislocation of the femoral head. 

2. “Posterior dislocation of the femoral head accompanied bj' fracture of the acetab- 
ular rim. 

3. “Posterior dislocation of the acetabulum accompanied b 3 ' fracture of the femoral 
head.” 

To this classification, we must add two t 3 ’^pes less frequentR' seen; 

4. Dislocation of the hip ivith fracture of the neck of the femur, as described and 
treated by Hart and Watson-Jones with Whitman reconstruction operations. 

5. Dislocation of the hip, accompanied b 3 ’- a fracture of the shaft of the femur. 

The last t 3 ’^pe is found less frequentl 3 ' than the first four, and it is in this last classi- 
fication that the case reported here belongs. In reviewing the literature, we find onl 3 ’- 
.scanty mention of this t 3 ’’pe of injur 3 q although we feel sure that man 3 ’' of these injuries 
occur in this automotive age and go unreported. 

In 1934, Henr 3 ’' and Ba 3 nimi reported one case of dislocation of the hip Mith fracture 
of the shaft of the femur among 9,945 cases of fractures and dislocations, treated over 
an eight- 3 "ear period in a Cairo hospital, or approximatel 3 ' one case in 10,000. The 3 ' re- 
viewed the literature and found fifteen other cases, most of wliich had occurred in the 
nineteenth centui^q the first one was reported b 3 ' Sir Ashle 3 ’' Cooper, in 1823. Over a 
period of thirt 3 ^-one 3 'ears at Henr 3 - Ford Hospital, four cases have been seen in a total of 
496,700 patients. This would be about one case in 125,000. 

King and Richards, in their ver 3 ' complete article on fracture-dislocations of the hip 
joint, mentioned this condition as one of the five indications for open reduction. The 3 ’ 
stated that the 3 ^ had treated one patient with dislocation of the hip and fracture of the 
femoral shaft, and had observed two others. Watson-Jones referred to this t 3 'pe of frac- 
ture-dislocation of the hip b 3 ' sa 3 'ing; “Sixteen cases have been recorded . . .” These 
were probabb' the sixteen cases mentioned b 3 ’ Henr 3 " and Ba 3 -umi in 1934. Watson-Jones 
advocates open reduction, if manipulative reduction fails. Ke 3 ' and Conwell al-o discussed 
this as a rare t 3 'pe of injur 3 '. and suggested the same treatment as that advocated b 3 ' 

, Watson-Jones. Hammond commented; “Dislocations complicated In* fractures of the 
(Shaft of the femur often necc.^sitate open reduction”. 

Of the authors' four cases, open reduction of the di-location of the hip was required 
in three. We were able to reduce the dislocation in the ca-c described here 1)%' clo-ed re- 
duction with the method mentioned, in spite of the patient's strong mu-culature. 

C.\Si: REPORT 

M. O. (C:i=o No. 4710.57) \\a-- a white iieile, thirty-five yrar- old, wlio, while weldinc at the Ford Motor 
Comiviny on March 2.5, 1010, w-a- -truck from liohind. when kn'i’liiu:. hy a hirp- pnler which had ‘:!ip[>-d 
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from an overhead crane. This girder struck (lie palieni over the po.stcrolateral aspect of the left thigh, knock- 
ing him to the ground. The patient slated (hat he felt a crumbling of bones in his left lower e.xtrcmity, haci 
severe pain, and was unable to get up. One hour later, when (he patient, was examined at the Hospital, he' 
was in mild surgical shock and had a dirty six-inch transverse laceration of the supracondj’lar area of the; 
femur, a large hematoma over the loft gluteal region, and a gross deformity with angulation of the upper 
third of the loft thigh. There was inability to extend the proximal fragment and, therefore, a marked bowing 
at the juncture of the middle and upper thirds of the left femur. Hocntgenogramsdisclosed an oblique frac- 
ture of the upper thii'd of the' left femur, and a complete posterior dislocation of the hip joint (Fig. 1). 

The patient was treated for his mild shock with fresh whole blood; (hen llu' wound of the supracondylar 
area was irrigated, debrided, and closed under general anaesthesia. Following this, an unsuccessful attempt 
at closed reduction of the dislocated hip was made with the Higelow and Allis procedure. Thereafter, a reduc- 
tion-retention apparatus with threaded pins was u.setl, with the pins placed approximately four inches apart 
into the lateral aspect of the trochanter of the left femur (Fig. 2). Another attempt at closed reduction was 
made, the pins being used in an effort to cont rol the pro.ximai fragment ; but, because of this patient’s muscu- 
lature and marked muscle spasm, this attempt also was unsuccc.ssful. A Kirschner wire was placed through 
the area of the tibial tubercle; the patient was .sent to the ward and jrlaced in traction, with twenty-five 
pounds of weight on the Kirschner wire and another twent3’’-five pounds of weight on the reduction apparatus. 

On March 28, three daj'S after the injuiy, another unsuccessful attempt at closed reduction was 
made; the reduction apparatus was used to control the proximal fragment. Following thi.s, a two-foot 
length of gas pipe was threaded over the crossbar of the reduction apparatus (Fig. 3), thus paralleling the distal 
fragment and being attached through (he apparatus to (he proximal fragment. With the gas-pipe lever, a 
successful reduction was carried out, bv means of the Bigelow manoeuvre. The patient was then returned to 
the ward, where he was placed in skeletal traction. Roentgenograms, taken the next day, showed the head 
of the femur to be in the acetabulum and the fracture to be in almost anatomical position and excellent align- 
ment (Fig. 4). 

On June 29, approximate!}’ throe months later, the patient was put in a plaster hip spica. This was 
maintained until the first week in September 1946, when it was found, after testing the patient clinically and 
taking roentgenograms, that he had non-union at the fracture site and that the proximal fragment of the femur 
cast a shadow of increased density (Fig. 5-A). It was thought at that time that the increased density of the 
proximal fragment was due to massive stripping of the periosteum at the time of the original injur}', since the 
proximal fragment had been considerably displaced because of the dislocation of the hip. The patient’s skin 



Fig. 1 2 


Fig. 1: March 25, 1946. Roentgenogram, taken the day of the accident, shows posterior dislocation ol 

^''^Ff^V^March 29," 1946.”shows reduction-retention apparatus in place, with threaded pins extending 
into trochanteric region of femur. Dislocation of hip has been reduced. 
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was prepared for surgery during the last two weeks of September. On September 30, 1946, an open reductior^ 
was performed; and a Vitallium plate and massive onlay bone graft from the tibia were placed across th'^ 
fracture site. The postoperative course was uneventful, and the patient remained in the hip spica until De\ 
cember 31, when it was found by clinical and roentgenographic e.vamination (Fig. 5-B) that he had solidf ' 
bony union. Since that date he has received physiotherapy to the hip, knee, and ankle, and has been walking 
with a double upright, non-vveight-bearing brace. 

At present the patient has considerable limitation of flexion of the knee; he can flex the hip to 90 degrees, 
although there is still rather marked limitation of internal and external rotation of the hip joint. To date 
there has been no evidence of aseptic necrosis of the head of the femur. 

CONCLUSIONS 

Dislocation of the hip, complicated by a fracture of the shaft of the femur, is an ex- 
ceedingly rare condition and presents a most difficult problem in reduction. It is a well- 
known fact that this type of injury occurs in young and middle-aged adults most fre- 
quently, and is caused by only the most violent forms of trauma. For this reason, it is , 
usually seen in a very muscular type of patient, which makes closed reduction even more 
difficult. 

The problem in reduction arises from the fact that the lever arm, the femur, is not 
intact and one has no control over the proximal fragment. The authors were able to restore 
the lever arm by means of the gas-pipe extension on the pin-fixation apparatus, and thus 
were successful in the reduction. 

The authors feel that non-union developed because of the excessive stripping of the 
pei’iosteum from the proximal fragment, caused by the marked displacement resulting 
from the dislocation of the hip. The increase in density of the proximal portion of the shaft 
of the femur, probably due to the damage to the blood supply secondary to the periosteal 
stripping, is shown in Figure 5-A. 
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THE TREATMENT OF DROPPED SHOULDER 


A New Operative Techxique 

BY ERNST SPIRA, M.D., SC.D., TEL-AVIV, PALESTINE 
From the Beilinson Hospital, Petach Tilrvah 

Paralysis of all shoulder muscles is apt to affect seriouslj' the function of the shoulder 
girdle. The characteristic features of this condition are: 

1. Distal and ventral sliding of the scapula. 

2. Winging of the scapula (scapula alata). 

3. Abolished function of the posterior cer\dcal muscles, causing a forward inclination 
of the head. 

4. The weight of the arm, no longer subject to muscle control, draws the head to the 
paralyzed side. 

The object of therapy is twofold; (1) fixation of the scapula to the thorax, and (2) 
correction of the pathological posture of the head. 

Plastic operations, as defused bj’^ Henr 3 ’^, A^Tiitman, Dickson, and Dorling, consist 
essentially in the construction of fascial slings, leading from the scapula to the muscles 
and the spinous processes of various thoracic vertebrae. These methods are chiefl}^ used 
in cases of unopposed action of the serratus. Hence, they are dealing merely with one of 
the pathological components in question. Dickson described a method for lifting a droop- 
ing shoulder after paralysis bj" the use of two fascial slings, leading separated from the 
spine of the scapula to the cervical muscles and the spinous process of the first thoracic 
i^ertebra. Nothing, however, is known of the late end results follovdng this method. 

Every operation which consists in transplantation of fascia is likely to jdeld satisfac- 
tory results, if the transplanted fascia is actual!}’’ converted into solid scar tissue. It is, 
however, still doubtful if these strong bands are able to carr}’’ the weight of the arm per- 
manently, without the assistance of the muscles. 

In two particularly difficult cases of paralysis of the shoulder after anterior polio- 
myelitis, our procedure was totally different. The method employed consisted essentially 
in fixing the scapula to one of the ribs. Three different methods were used, as one of the 
patients had to be operated upon twice. 

CASE REPORTS 

C.\SE 1. iThe patient, a boy fourteen years of age, was admitted to the Hospital on March 27, 19t2. 
Five days previously he had been taken ill mth acute poliomyelitis. During the first two days of his hospital 
stay, paralysis spread to all four extremities and to the trunk. On the third day, rc.spiration became dilTicult ; 
and he was placed in the “iron lung”, where he was left for six days. At the end of that time his condition 
had improved so much that normal respiration took place. The paralysis of the lower extremities and hand« 
subsided slowlj'. Wlien he was discharged, in June 1942, he still presented extensive paralysis of both .shoul- 
ders, — namelj’, in the deltoid, supraspinatus, infraspinatus, and trapezius muscles. On the right, there was 
'^till a trace of function in the superior part of the trapezius, the posterior cerxdral muscles, and the serratus 
:|ntcrior. 

In spite of intensive exercise and fi.xation of Iroth shoulders, a high thoracic scoliosis developed, with 
its conve.xity to the right. The patient found it particularly embarrassing that hi- chin was lying on hi- chc-t 
and that he was unable to raise his head. The right shoulder dropired more and more. In order to look arourul. 
the patient had to hold his lumbar spine in exaggerated lordosis, which interfered .seriously with normal 
walking. He suffered, moreover, from severe headaches when walking, probably caused by the abnormal 
posture of his head (Figs. 1-C and 1-D). 

Our first object was to fix the drooping shoulder girdle and then to replace the elevatorv of the head 
by fascial transplantation. 
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Firsl Operation (May 25, 1943) 

Under general anaesthesia, the lower edge of the right scapula and the fifth and sixth ribs were exposed 
subperiosteally. The fifth rib was resected to a length of six centimeters. In the distal end of the scapula (an- 
gulus inferior) two holes weie bored, and through each of them a length of wire was passed. The distal end of 
the scapula was slipped through the defect, created by the resection of the fifth rib, and Avas placed behind 
the sixth rib, to which it was fixed by the two ware loops (Fig. 1-A). The Avound aa'ss closed and the arm 
AA'as fixed to the chest by a Velpeau bandage. 

Roentgenographic folloAv-up after ten days shoAved that the Avii es had become loose, so aa'c assumed that 
the fixation of the scapula AA'ould be inadequate and decided to operate again. 

Second Operation (June 13, 1943) 

Under general anaesthesia, the distal end of the scapula and the sixth rib AA'ere exposed. The AAdre had 
cut through the scapula on one side, AA’hile on the other it had become loose. It did not seem advisable to 
try the same method of fixation again, so Ave proceeded as folloAvs: The distal end of tlie scapula AA'as split 
along its long axis to a length of tAVo centimeters. The tAA’o jaAVS Avere placed on the sixth rib, the scapula, as 
it AA'ere, riding on the rib (Fig. 1-B). The AA^ound Avas closed and the arm AA'as placed in a Velpeau bandage 
for five Aveeks. After the bandage had been lemoved, the scapula pioved to be firmly attached to the rib. 



Fig. 1-A Fig. 1-B 

Fig 1-A :ShoAVsiesection of fifth lib and attach- Fig 1-B: In the second opeiation, the scapula 

ment of scapula to sixth rib by aaIic loops. ^ aa'us split so that it lests on the sixth lib 



J''iG. 1-C Fig. 1-D Fig. 1-E Fig. 1-F 

Case 1. Photographs taken before operation. Photographs taken in 1945. 
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Folloici-iip Examinalion (October 1945) 

) The shoulders were at the same level on both sides. The head was carried free and straight. Onl 3 ' the 
upper portion of the trapezius on each side was rated fair and participated in the raising of the head. Other- 
wise, there was no change in the muscle state (Figs. 1-E and 1-F). The right arm could be abducted pas- 
sivelj' to 90 degrees; this was accompanied by an upward movement of the ela\'icle. This fact is particularly 
important as it indicates that, in spite of extensive fixation of the scapula to the rib, the “pseudo-articula- 


tion” between the scapula and the rib allows a cer- 
tain amount of movement. 

For the past year the boy, now eighteen years 
old, has been working in a glass-cutting and optical 
workshop. The headaches, which had been a great 
nuisance prior to the operation, have disappeared. 
Abduction of the arms is still impossible, hut he is 
able to look after himself without anj’ help. 

Case 2. The patient, a man twentj' j-ears of 
age, was admitted to the Hospital on June 27, 1942. 
Three days before, acute poliomj’elitis had developed. 
On admission, he presented paralj’sis of both arms 
and paresis of both legs, as well as disturbed degluti- 
tion. When he was discharged, in September 1942, 
he still presented paralysis of the left deltoid, the 
upper part of the trapezius, and all the shoulder 
muscles on the right. 

A high thoracic scoliosis developed, with its con- 
vexitj’ to the right. The right shoulder was lower than 
the left one, and the vertebral edge of the scapula 
winged distinctlj' (scapula alata). The chin was rest- 
ing on the chest and the head was inclined toward 
the right side. Lifting of the head was possible onlj’ 
by bending the trunk backward and relaxing, as far 
as possible, the stemomastoid muscles. 



Fig. 2-A 


Operative procedure carried out in Case 2. The 
rib has been passed through a hole bored in the 
scapula. 



Fig. 2-B 


Fig. 2-C 


Hocntgcnogram*! show fixation of scapula to rib. 
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In view of our experience in the preceding case, another method of fixation was tried. 
Operation (May 8, 1944) 

Under local anaesthesia, the lower part of the right scapula and the sixth rib were exposed subperios- 
teally. The rib was cut at the level of the posterior axillary fold. The dorsal portion was grasped by pliers, 
crushed, and bent upward. Into the lower angle of the scapula, a hole was bored of a diameter of appro.xi- 
mately two centimeters, through which the rib was passed in such a way that the vertebral edge of the 
scapula was covered by the rib dorsally. The two ends of the rib were approximated and fixed loosely to each 
other by bone suture (Fig. 2-A). The intercostal nerves were blocked by a 1 per cent, novocain solution. A 
Velpeau cast was applied, and worn for four weeks. 

Wlien the cast was removed, it was found that bone healing had taken place at the site of resection, and 
that the scapula was immovably fixed to the rib (Figs. 2-B and 2-C). 

Follow-up Examination (November 1945) 

The shoulders were at the same level on both sides, and the head w’as carried free without any effort, 
Active elevation of the head was performed by the posterior cervical muscles ndth fair strength. The func- 
tion of these muscles before the operation could not be traced. The right scapula was absolutely immovably 
fixed to the rib. Although there was still paralysis of the deltoid muscle, the right arm could be moved more 
freely than prior to the operation. After his operation the patient, who lived in an agricultural communal 
settlement, was again fit for physical w’ork. 


COMMENT 

An attempt was made to improve conditions of extensive paralysis of the shoulder 
muscles, by three different operations. 

The first, consisting in fixation of the scapula by Avire, proved a failure. Whether this 
was due to an inadequate technique or to insufficient immobilization after the operation 
is difficult to decide. Of the three methods tried, this Avas the least satisfactory, since for- 
eign material introduced into the tissues in the neighborhood of the pleura Avill alAA^ays 
give rise to complications. 

The second method, consisting in splitting the scapula and making it “ride” on the 
rib, has the advantage that, after perfect fixation has been established and the positioif 
of the scapula has been rectified, a certain amount of movement is still possible betAA'^e'en 
the scapula and the chest Avail. It aatII probably have to be decided for each case indi- 
vidually, AA’^hether or not resection of the fifth rib is really necessary in order to attach the 
scapula alata to the chest. Of special advantage is the “pseudarthrosis” betAveen scapula 
and thorax, in vicAA"- of the fact that the mobility of the shoulder girdle depends upon the 
mobility of all the individual parts of this complex. This method of fixation of the scapula 
might possibly be used advantageously as a preliminary act for plastic operations on the 
paralyzed deltoid muscle. After the transplantation, part of the initial success is often 
lost, OAAung to the inability of the transplanted muscles to carry the Aveight of the arm and 
to restore its function. By this second operation, the first object is achicA'^ed and the 
transplanted muscle may uoaa'’ serve exclusive!)'- to improve function. 

The third method, by which the rib is passed through the scapula, effects the most 
secure and solid union. It has, hoAvever, the disadvantage that movement betAveen the 
scapula and the thorax is completely and pei’manently destroyed. This type of fixation 
should be confined to cases in AA'hich muscle transplantation is impossible, OAA'ing to lack 
of material. 

The author’s reconstruction included a second stage, consisting in correction of the 
abnormal posture of the head. In both cases, hoAA'-ever, it could have been omitted, since 
in each the head could be moA'-ed and held straight AA'ithout effort after the operation, 
although in one case the upper portions of the trapezius muscles Avere only fair and in the 
second case the posterior cervical muscles AA-'ere only fair. This Avould suggest that the main 
reason for the abnormal posture of the head is a shift of balance Avithin the shoulder 
girdle; and, as soon as this has been rectified, the head can be balanced normally on the 
trunk AA’ithout considerable actiA'e effort. 
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Note; The author wishes to express his sincere thanks to Dr. K. Friedman, the thoracic surgeon of the 
Beilinson Hospital, for his active coop)eration in the performance of the operations. 
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A DEPTH GAUGE FOR BONE SURGERY 

BY WALTER A. GUXTHER, M.D., AXD ED'WARD J. KEYES, KXOXVILLE, TEXXESSEE 
F rom the Department of Orthopaedic Surgery, Knoxville General Hospital 

A simple depth gauge has been designed to ensure, easily and quickly, the proper 
length of screws in bone surgerjL The instrument of this type most often seen in general 
use consists of a slim steel bar with a hook or right angle on the distal end. Upon this rod 
yis mounted a sliding metal collar ivith a set screw to fix it firmly to the rod at the desired 
place. This de\'ice has certain drawbacks, the most important of which is that the set 
screw must be screwed in firmly or not at all. WTien the instrument has been passed through 
the screw hole, the bent end engaged in the opposite cortex, and the sliding collar pushed 
against the pro^dmal cortex, the set 
screw must be engaged firmly. This 
manoeuvre often prevents the dis- 
engagement of the instrument and 
its withdrawal from the drill hole. 

It is necessarj^ then to loosen the set screw, and an error is introduced when the sliding 
collar backs away from the bone. 

The instrument described here (Fig. 1) is designed to overcome these difficultie.c. It 
consists of a stainless-steel rod, one-sixteenth of an inch in diameter, with a right-angled 
end (A), two thirty-seconds of an inch long. The rod is six inches long from the tip to the 
proximal end, which is bent into a ring. It was felt that a ring handle would be superior to 
increasing the caliber of the rod at the proximal end (D), and thus increasing the likelihood 
of bending the thin distal segment wiien the gauge was in use. 

Upon this rod is a sliding spring of stainless steel (C). This spring is so bent that it 
I can be moved toward the distal end of the rod by pressure on the arm closer to the ring, 
but it will not slide back toward the handle unless both members are squeezed together. 

To use the instrument, the distal end is passed through the drill hole until the right 
angle can be engaged on the opposite cortex. The spring is then slid up against the bone. 
It remains there bj' its own tension. By a slight twisting motion, the hook can be di.=- 
engaged without the spring backing up more th.an a tiny fraction of an inch. The proper 
length of screw is then determined by direct comparison. 



VOL. 30..\, NO. 1. JANVARY 1045 



OLECRANON FRACTURES 


A Method of Wiring 

BY ARTHUR A. MICHELE, M.D., BROOKLYN, NEW YORK 
From the Orthopaedic Service of the United States Marine Hospital, Staten Island 

During the past seven years at the United States Marine Hospital, a method of 
wiring the fragments in fracture of the olecranon has been devised, in which a 22-gauge 
steel wire has been used for fixation and immobilization of the approximated bone frag- 
ments. This procedure has permitted motion in two to three weeks, without danger of 
separation of the fragments at the fracture site; possible buckling of the bone fragments, 
anteriorly, posteriorly, or laterally; or axial rotation. 

Open reduction is indicated when there has been a fracture of the olecranon with sep- 
aration or angulation of the fragments, producing a disturbance of the concavity of the 
semilunar notch. The procedure to be described has also been used in conjunction with 
the preliminary fixation of fractures of the olecranon, when thej'’ have been associated 
with fractures or dislocations of the radius or with fractures of the condyles of the humerus. 

A posterior elliptical incision is made in the region of the elbow. The olecranon is 
exposed by blunt dissection. The anconeus and supinator on the lateral aspect of the 



Wiring of olecranon. A: Passage of 22-gaugc stainless-steel wire through chill holes near fracture 
site. B: Twisting and fixation of wire loop, C: Lateral view, showing position of drill holes and direction 
in which wire is threaded. 
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olecranon are dissected from the bone, as is the flexor digitorum profundus, for a distance 
of approximately one inch distal to the site of fracture. By a No. 1 drill, two holes are 
placed through the bone tran.sversely (slightly eccentric to the mid-shaft) one-quarter of 
an inch above and below the fracture line. In cases of comminution, the main fragments 
are drilled. Another drill hole is placed transverselj', a thumb’s breadth below and parallel 
with the primarj^ drill hole on the distal fragment. 

Beginning on the radial border of the proximal fragment, a 22-gauge stainless-steel 
wire is threaded through the drill hole (Fig. 1,A) and then in a circle through the proximal 
drill hole on the distal fragment. The wire is continued through the site of attachment of 
the triceps tendon to the olecranon at the same depth as the drill holes. It is then threaded 
through the lower drill hole of the distal fragment and looped vith the wire at the starting 
point. The anterior surface of the semilunar notch is examined by the surgeon to make 
certain that, with tension on the wires, the fragments are fixed in a position of anatomical 
reduction. As soon as the position is judged to be satisfactory', the assistant makes the 
wires taut by means of two clamps; several twists are then made in the wire ends. The 
ends of the tested wire are cut, so that approximately one-third of an inch remains; 
they are bent over on themselves anteriorly and buried subperiosteally. The wound is 
closed in layers with interrupted sutures, and a posterior plaster splint is applied from the 
axilla to the metacarpophalangeal joints. Passive motion is begun in approximately two 
weeks, if the fracture consists of two fragments; and in three weeks if it is comminuted. 
A^Tiirlpool-bath treatments, combined with active and passive motion, are carried out 
before the end of one month. Full motion is usually restored before the sixth or seventh 
week of treatment. 

Twelve cases have been treated during the past seven years, with a follow-up obser^'a- 
tion period of approximately six to seven years. A complete restoration of function and 
stability was obtained in eight cases; in four cases, a slight residual defect of flexion and 
^ extension occurred, which was e.xplained by the e.xtent of comminution at the time of the 
'fracture and by some narrowing of the semilunar notch. Bony union was obtained in each 
case. In one instance, it was necessaiy to remove the wire at the end of six months, since 
the loop was not turned under the periosteum and the vire produced an area of irritation 
during flexion and extension. 


Sensory Denerv.\tion of the Heel for Persistent Pain 
Following Fractures of the C.\lc.\neus 

{Conlinued from page 212) 
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A UTILITY ATTACHMENT FOR CINEPLASTIC ARTIFICIAL ARMS 

BY HENRY H. KESSLER,* M.D., NEWARK, NEW JERSEY 

The device described here is an attachment designed to increase the usefulness of 
cineplastic artificial arms. In cineplasty, the muscles which remain in the amputation 
stump are used as a motive force to operate the artificial hand. Canals are made in the 
flexor and extensor muscle groups in the forearm, and in the biceps and triceps muscles in 
the upper arm. Pegs are inserted through these canals and are attached to stirrups which 
act directly, through a system of mechanical levers, to open and close the artificial hand. 
The idea was originally suggested by Vanghetti, and was developed by Putti, Sauerbruch, 
and others. 

The operation of the cineplastic hand by means of cineplastic muscle motors has 
always had a limited application to the needs of factory workers, farmers and laborers, 
and others who require a prosthesis which can provide considerable power. It has a distinct 
advantage, however, because of its automatic and effortless control and, in the case of a 
forearm prosthesis, because of the avoidance of straps and a shoulder harness. It has been 
hoped that the prosthesis could be adapted to heavier physical demands. 

Many efforts have been made to devise rvork arms, cineplastically controlled, but 
without much success. Galeazzi developed an apparatus which was essentially a work tool, 
attached to cineplastic motors in such a way as to change the position of the work tool, 
but not to open or close it. 

The attachment presented here is one in which the work tool or forceps is directly 
controlled by the cineplastic motors, so that it is opened or closed automatically (Fig. 1) 
A system of mechanical levers, acting directl}?- on the arms of the forceps, are connected t< 
the pegs which run through the cineplastic motors. Movement of the muscle motors thu 
opens or closes the utility attachment vdth selective pressure to exercise minute and precis 
force, sufficient to hold objects without crushing them (Fig. 2). This is a function whichT 
not well performed by the standard utility hook, operated by means of a lanyard attachec 



Fig. 1 



Fig. 2 


Fig. 1; Cineplastic prosthesis with utility attachment. (Reproduced, by permission of Charles C. 
Thomas, from Cineplasltj by H. H. Kessler.) r u- ♦ 

Fig. 2; Selective pressure exerted by cineplastic motors on utility attachment permits grasp oi ouject 
without crushing it. 

* Consultant to the Office of Vocational Rehabilitation, Federal Security Agency, Washington, D. C. 


236 


THE JOUnNAL OF BONE AND JOI-NT SURGEUI! 




ATTACHMENT FOR CINEPLASTIC ARTIFICIAL ARMS 


237 



Fig. 3 



Fig. 4 


Fig. 3: Utility attachment with lock device (a). 

Fig. 4: Interchangeable couplings of cineplastic hand and utilitj' attachment. (Reproduced, by per- 
mission of Charles C. Thomas, from Cineplasty by H. H. Kessler.) 


to a loop passing around the opposite shoulder. When the lanyard is relaxed, the hook 
snaps shut, due to the spring action of the rubber band fixed to the base of the hook. Thus 
a small object would be crushed because of the operator’s inability to select the exact 
amount of pressure. 

The utility attachment permits the patient mth a cineplastic prosthesis to perform 
work requiring heavier physical demands. The attachment is opened and closed auto- 
maticalty for operations requiring rapid grasp and release. For long-continued holding, the 
^attachment is equipped with a lock de\dce which permits work, without fatigue to the 
cineplastic motors (Fig. 3). 

Another feature of this device is that it can be interchanged with a cineplastic hand. 
This is accomplished by a special spring coupling which permits the use of the same sj'stem 
of levers for the operation of the hand or forceps (Fig. 4). The utility attachment thus 
provides a device for heavy work, while the hand permits light acti\dties and satisfies the 
need for a dress appliance. 
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CAST TREATMENT OF ACROMIOCLAVICULAR DISLOCATIONS 

BY GORDON MONROB MORRISON, M.D., SAN MATEO, CALIFORNIA 


A recent comprehensive article on the subject of dislocations of the acromioclavicular 
joint by Urist ^ includes a bibliograph}^ of 101 references. Such a plethora of articles about 
a relatively simple lesion would indicate that no one is completely satisfied with the 
methods in common usage. A simple effective method with plaster, which allows the 

patient free use of both arms, is described here. 

The part of this procedure which is essentially dif- 
ferent consists in keeping the scapula elevated bj'- a 
sling under the axilla. This sling (Fig. 1) is composed of 
a fold of half-inch felt, a plaster reverse bandage, and a 
length of rope over which the plaster and then the felt 
are draped. The pull is directed upward and slightly 
medially, and the sling is fixed to an overhead support 
while the remainder of the device is applied (Fig. 2). 
While elevation is being maintained constantly, a cir- 
cular plaster (Fig. 3) is added. A padded shoulder strap is 
next applied, the cast is allowed to set, and the sus- 
pending ropes are cut (Fig. 4). 

The axillary crutch molds accurately and gives a 
comfortable support. Accurate approximation and a 
somewhat medial pull give an upward thrust, more 
against the glenoid process than the axillary vessels, an^^ 
no circulatory or nervous involvement has been encountered. A good grade of fast-setting 
plaster is essential, and the rope should not be cut until sufficient time for hardening has 
elapsed. Six weeks is sufficient time for the healing of recent dislocations. 

The first patient treated b}'' this method was a 3 mung bricklayer with a non-industrial 
injury, who was reluctant to lose even a single daj'^’s work at his present wage scale. He 
was able to carry on this rather strenuous occupation with no loss of time. The cast was 
worn for six weeks, and required no adjustments during this period. The patient had an 



Fig. 1 



Pig, 2 Fig. 3 Fig. 4 
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excellent anatomical and functional end result. In five more consecutive cases, the results 
were equally good. Only the patients with industrial injuries and one other, a commercial 
air-line pilot, lost any time from work. 

1. Urist, M. R.: Complete Dislocations of the .A.eromiocla\'icular Joint. The Nature of the Traumatic Lesion 
and Effective Methods of Treatment with an Analysis of Forty-one Cases. J. Bone and Joint Surg., 28: 
813-837, Oct. 1947. 


CONTROL OF POSITION OF LOWER EXTREMITY BY ELASTIC BANDAGE 

BY DON.YLD T. IMRIE, M.D., VICKSBURG, MISSISSIPPI 

The technique of appljdng hot packs in poliomyelitis has, through experience, been 
modified to meet certain individual variations. Especiallj' when a lower extremity assumes 
an unnatural position because of poor muscle balance, it is desirable to control the position 
of that extremity more exactly than can be accomplished by packs alone. By using latex- 
weave elastic bandages, three or four inches in width, the packs can be held in place more 
readily than by pinning. At the same time, the wrapping can be so applied as to influence 
the position of the limb without rigidly immobilizing it. 



Fig. 1 Fig. 2 Fig. 3 


Fig. 1: Position of flexion and external rotation assumed voluntarily by patient who recently ha« Iiad 
poliomyelitis. The child ha.s an imbalance of the right lower extremity, and contracture-- will develop 
unles.s the position of the extremity is controlled. 

Fig. 2: Shows elastic bandage, which in this case is applied over a thigh pack. 

Fig. 3: Tension has been distributed so as to maintain a neutral re.stmg position. 


One of the most frequent problems in this condition is the tendency for a lower 
extremity to fall into a position of external rotation and flexion (Fig. 1). In babies who 
have involvement of the internal rotators and short adductor muscles, contractures in this 
position are particularly apt to develop. A hip and thigh pack can be held in place simply 
by wrapping an elastic-bandage spica in such a way as to control the position of tlie limb 
and to maintain a neutral resting position (Figs. 2 and 3). 

This simple measure is applicable in a great variety of orthopaedic problems. 
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THUMB ABDUCTION SPLINT 


BY MAJOR J. W. LITTLER AND MAJOR W. J. TOBIN 
Medical Corps, Army of the United Slates 

From the Orthopaedic Section, Surgical Service, Cushing General Hospital, Framingham, Massachusetts 

Adduction contracture of the thumb is a common finding in injuries of the hand and 
of the peripheral nerves. The correction of the deformity and the maintenance of proper 
position are important to the restoration of function. Counterpressure between the thumb 
and the second metacarpal is necessary, if narrowing of the interosseous space is to be 
corrected; and effective abduction traction of the thumb is possible only with this adequate 
counterpressure against the second metacarpal. Without this factor, attempted correction 
of thumb adduction results only in radial deviation of the entire hand at the wrist. In the 
authors’ attempts to devise a satisfactory method of correcting this deformity, they have 
developed the splint herein described, and they have found it a most useful piece of 
apparatus. 



Fig. 1 Fig. 2 


Figure 1 shows the simplicity of the splint. Effective counterpressure is obtained by 
the well-padded bar, which rests against the second metacarpal. The transverse palmar 
bar is made to conform with the normal palmar arch. 

Figure 2 shows the splint in place. 

The splint is made of one continuous piece of brass welding rod or steel, and is at- 
tached to a removable forearm cuff of leather. The “arc” formed should be wide enough 
to pei’mit a valuation in direction of abduction with the carpometacarpal joint of the thumb 
as the center. 

Dynamic splinting must be started early, if the adduction deformity is to be pre- 
vented. Surgical intervention will be necessary in long-standing cases in which mobilization 
by traction has failed. 


240 


THE JOURNAL OP BONE AND JOINT SURGERY 



SEMILUNAR-CARTILAGE KNIVES * 

by F. HAKOLD DOWXIXG, M.D., FHESN'O, CAUFOKXU. 


The two difficulties encountered in remo^ung a meniscus (semilunar cartilage) seem 
to be the freeing of the posterior third of its peripheral attachment, and the cutting free 
of the remaining posterior attachment. The ordinarj* operative instruments are not satis- 
factory for either of these procedures. With the instruments which the author is presenting, 
these two technical difficulties may be overcome, and complete excision of the meniscus is 
possible through a single anterior incision. 

The curved knife (Fig. 1, a and b) is designed to follow the peripheral margin of the 
meniscus to its posterior attachment, thus freeing the posterior third from its marginal 
attachments and synoAual reflection. The anterior half of the meniscus must first be dis- 
sected free, either with the knife or with scissors (Fig. 2). This dissection is carried back 
to the posterior corner of the femoral condjde or, if on the medial side, to just past the 
anterior border of the tibial collateral ligament. With the knee flexed acutely, the curved 
knife is introduced, so that one of its blunt guides passes under the meniscus and the 
other over the meniscus and internal to the sjoaordal fold (Fig. 3). The cuiY'ed blade is then 
pushed against the peripheral margin of the meniscus; and the two guides, plus the curved 
narrow shaft, direct the blade in such a manner that the meniscus is freed from its peri- 
pheral attachment and there remains only its central posterior attachment to the tibia. 

This knife does what the Lowe-Breck 


knife ‘ cannot do, chiefly- because of the ufidth 
of its blade and shaft. The width of the Lowe- 
Breck knife prevents it from following closely 
the posterior curve around the femoral con- 
dyle, and forces the blade back into the 
popliteal space, thus failing to free the menis- 
cus up to its central posterior attachment. 
The knife described here has onh' a small area 
of maximum width, a narrow, rounded, ana- 
tomically curved shaft, two well-rounded 
blunt guides, and a curved cutting edge, so 
that, as the blade is pushed forward, there is 
a tendency for the tissue to be forced toward 
the central portion of the cutting blade and 
not to either corner, as may occur with a flat 
blade. The blade is made of tooled steel which 
is tempered so that it ma 3 ' be sharpened to a 
razor edge with a small, pencil-shaped 
Arkansas stone. 

The straight knife (Fig. l,c) is designed 
to cut off the meniscus at its posterior central 
tibial attachment, either before or after it has 
been displaced into the intracondjdar notch. 
The knife has a rounded cutting blade, so that 
it cuts with a pushing motion. The back of 
the blade is thickened to prevent breakage. 



Fio. I 

Show"? cun-Cfl knife <a anil 6) anti .strairfit knife 
(c), deA'ed for removal of the meni^cu*. 


’ Presented in a motion picture entitled “.■Vrthrotomy of the Knee”, and demonstrated in a Scientific 
Exhibit at the Annual Meeting of The .American -Academv of Orthopaedic Surpeon=, Chic.igo, Illinoi'- 
Januatj- 25 to 29, 1947. 
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The shaft is long and narrow. The usual 
technique is to dislocate the freed meniscus 
into the intracondylar notch; it is then 
grasped with an Ochsner clamp, a'; far back 
as possible, and pushed farther posteriorly. 

The blade of the knife is then introduced, so 
that the back of the blade is toward the 
posterior cruciate ligament and the sharp 
edge is against the central attachment of the 
meniscus. With a pushing motion, this at- 
tachment is severed. If any is missed, it can 
easily be located with the widened end of 
the blade, and the same motion can be re- 
peated (Figs. 4 and G). It is a mistake to pull 
forward on the cartilage. This places the 
cartilage at an acute angle to the blade, and 
may result in a long oblique cut rather than 
in a short transverse cut at the posterior 
tibial attachment. 

In some instances the meniscus maj' be 
removed without its displacement into the 
intracondylar notch. This maj’- be accomplished by pulling gently on the tip of the menis- 
cus, after its peripherj' has been dissected free. The region of the posterior attachment may 
be seen to shake slightly, when idewed through the intracondylar notch. The blade of the 



Fig. 5 

Shows method of cutting free the remaining 
attachment of the meniscus without displacing 
It into the intracondylar notch. 



Fig. C Fig. 7 

Fig 0; Me li.il mcni‘'CU' removed after di'pl icemcnt into the mtmnmdv I ir notch 
Fig 7: Mo lial mcni--cu'' removed inthout di-phccmcnt into the intnicomh 1 ir notch. 
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straight-shafted knife is placed against this remaining attachment and, with a pushing 
motion, it is cut free (Figs. 5 and 7). 

These two knives were developed as the result of experience gained from 153 arthrot- 
omies of the knee, performed in the Military Service, and came to be coD.sidered as 
essential instruments by nine different operators. Their use simplified the excision of the 
medial or lateral meniscus, and enabled the surgeon to close the joint at the end of the 
operation with a more reasonable degree of satisfaction. 

l. Lowe, F. A., and Breck, L. W.: A New Knife for Use in Removing Semilunar Cartilages. J. Bone and 
Joint Surg., 20: 220-221, Jan. 1938. 


APPARATUS FOR CORRECTION OF FLEXION DEFORMITY OF THE KNEE 

BY S. RALPH TERHUNE, M.D., BIRMINGHAM, ALABAMA 

The apparatus depicted has been ernployed successfully for conservative correction 
of flexion deformity of the knee. This was devised on the principle described by Horwitzb 
The turnbuckles have, however, been replaced by rubber bands. This method has proved 



Fig. 1 


to be superior to turnbuckle traction, in that the bands stay in place better and do not 
have to be changed. 

The most important advantage is that the patient can constantlj’’ exercise the muscles 
and the knee joint, thus eliminating to a great extent the atrophy and stiffness which 
accompany fixed turnbuckle traction. This turnbuckle traction must be released for fre- 
quent periods, in order to prevent the development of pressure ulcers. Rubber-band 
traction can be maintained constantly, with the patient doing flexion exercises, and 
pressure ulcers are much less apt te occur. 

1. Horwitz, M. T.: Conservative Method of Correcting Flexion Deformity of the Knee Complicated by 
Posterior Luxation of the Tibia. J. Bone and Joint Surg., 19: 522-523, Apr. 1937. 
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APPARATUS FOR MAINTAINING ROTATION OF LO’^^R EXTREMITY 

WHILE IN TRACTION 

• BY HARRY R. -WHEAT, II.D., SPRIXGFIELD, SL\SSACHHSETTS 

A certain number of fractures of the neck and trochanter of the femur are best treated 
by traction. The Russell method seems to be the most satisfactorj*. This or any other type 
of traction presents two difficulties: First, if skin traction is used, the adhesive requires 
constant watching for slipping and skin irritation. Second, there is also the difficulty of 
holding the limb in internal rotation until union has taken place, — thereby preventing a 
distressing outward-rotation deformity. 

To overcome these difficulties the following routine has been used for the last two 
3 ’^ears Mth satisfactory results : 

The patient is anaesthetized with a small amount of pentothal sodium. A Kirschner 
■\^1re is inserted through the lower portion of the tibia, and the ends are left uncut. A well- 
padded plaster boot is applied with the dorsum of its foot and ankle cut away to allow 
active motion. After manipulation and reduction of the fracture, and after full internal 
rotation has been obtained, the apparatus is applied (Fig. 2-A) and traction is instituted. 
Complete reduction is necessary to prevent torsion strain of the knee. 

The apparatus used consists of two tubes, twenty-six inches long, held b\' movable 
crosspieces at each end, which allow the width of the frame to be adjusted. The tubes are 
slotted to allow free excursion of the vertical assemblj". The uprights are joined at their 
bases to a freety movable crosspiece to which is fixed a small foot plate. The uprights 

are furnished with adjustable fix- 
tures vith apertures which loosety 
hold the IHrschner ware. Up-and- 
dovTi adjustment of these fixtures 
pro\ddes the desired degree of 
rotation. 


Tig. Fig. 2-1} 

Sliow me appiratu-. in ii'-c. 

24.1 




Fig. 1 

Showing apparatus assembled. 
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A SELF-TURNING SLING DEVICE 

BV HERBERT E. HIPPS, M.D., WACO, TEXAS 


The simple device described here makes it possible for a patient in a large, heavj'- 
body cast or a hip spica cast to turn himself, easily and without help, from his back to 
either side, and to maintain himself securely and comfortabl}^ in the desired position. 
It can be constructed and assembled at any hospital, by a nurse or orderl 3 ^ The component 
parts are not expensive, and may be purchased at any hardware store. 



The sling is of heav.y duck or canvas material. Harness rings are sewed into each end. 
Transversebv sewed-on linear pockets, into which tongue blades are thrust, prevent the 
sling from rolling up (Fig. 1). 

The rope is window-sash cord, the pulley anj’’ ordinary one, and the spring snap is a 
device used on harness. An overhead bed frame, of the design which most hospitals usually 
have, is suitable for the pullej^ attachment. 

The sling must support the patient at his approximate balancing center, usualU 
about the pelvis. It must actuallj’- support or lift the patient, holding him about a quarter 
of an inch off the bed surface. The patient can easiN turn himself in bed by pulling the 
rope on the side to which he wishes to turn. 
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RESULTS OF RECENT STUDIES AND EXPERIMENTS CONCERNING METALS 
USED IN THE INTERNAL FIXATION OF FRACTLiRES 

BY C. S. ^'E^^ABLE, M.D., AND WALTER G. STUCK, M.D., SAN ANTONIO, TEXAS 

A Sjuopsis *, Prepared by Dr. Venable 

At present, bone plates and screws are being placed upon the market, which may or maj' not be of suit- 
able quality for use in bone-plating procedures. The reports on the metals used for such plates have been 
confusing. The purpose of this re\'iew is to clarif 3 ' these reports. 

In January 1941, the Committee on Fractures and Other Traumas of the American College of Surgeons, 
meeting in New Orleans, appointed a Subcommittee on Screws and Plates, composed of Dr. C. S. Venable, 
Chairman,. Dr. Claj- Raj- Murraj', and Dr. Huber Wagner. This Subcommittee was directed to undertake a 
comparative stud}' of various metals with respect not only to their inertness in the tissues and resistance to 
corrosion, hut also to their physical and mechanical qualifications to meet the requirements of bone surgeiy. 

After a year the Subcommittee presented a report of progress, together with plans for further study, to 
the Committee on Fractures and Other Traumas of the American College of Surgeons * at its Washington 
meeting. Since no funds for this proposed work were made available by the Regents of the College, the matter 
was referred to the Committee on Medical Research of the Office of Scientific Research and Development; 
and a grant for further research was made in 1942. With this grant from the Committee on Medical Research, 
the whole problem was submitted to Columbia University, where Professor Colin Fink, head of the Graduate 
Engineering Department, was assigned to study and report the electrochemical and physical findings and 
make recommendations regarding the adaptability and applicability to bone surgery of the materials sub- 
mitted for study, in accordance with specifications based on clinical data supplied by the Subcommittee. 
Dr. Clay Ray Murray was assigned to undertake the study of tissue reaction to these metals in the animal 
e.Yperiraents. These were to be conducted at Columbia Medical Center, since Dr. Murray had all the needed 
facilities at hand for such experiments in vivo and was thoroughly familiar nith the subject and the ends 
sought. 

The materials selected for this study, which in the opinion of the Subcommittee seemed most nearly to 
meet the required qualifications, were 18-8 stainless steel plus molybdenum (SMo), 19-9 stainless steel 
\passivated in nitric acid, l^tallium, and tantalum. 

> In August 1944, the Subcommittee met in New York to review the data at hand and to prepare its re- 
port. At that time the experiments carried on by Professor Fink had not been completed, and the final 
report was not available. Therefore, the Subcommittee reported on the b.asis of the information then available : 

“1. Vitallium, ‘19-9 stainless steel’, and ‘ 18-8 SMo stainless steel’ are inert in the tis.sues in descending 
order of excellence. 

“2. Combinations of these metals should not be used in any single operation. 

“3. The ability to withstand functional strain during the healing period is greater in the ‘stainless 
steels’ than in the Vitallium plates and screws which were tested. However, more recent improvements in 
production of Vitallium plates and screws entailing the use of x-ray testing for casting defects have pro- 
duced Vitallium plates and screws which are on a par with the two ‘stainless steels’ in regard to the re- 
sistance to functional strain. 

“4. Plates of either of the ‘stainless steels’ considered must be machined rather than stamped and the 
screws must be precision machined. 

“5. All screws should be of the standard machine type with sharply cut threads and should have a short 
self-tapping end with a right-angle Mills cutting edge. 

“0. Screws without a tap and tapering screws are inadHsable in liHng bone unless a tap for the screw 
IS made in the bone before the screw is inserted. 

"7. The heads on alt screws should be made as flat as possible since countersinking of these screws in 
the plates is inadvisable. The countersunk hole weakens the plate. 

\ “S. ‘Stainless steel’ plates .and screws should be .surface marred as little as possible during application. 

\ If badly scratched or abraded they are subject to increa.sed corrosion in the tissues. Neither plates nor scrcw.s 
should ever be used a second time. It is obvious that non-slipping screw drivers are needed for the insertion 
of screws and that the plates should be protected from scratching by the instniment.s with which they am 
handled. 

“9. Following bonding, deep surface scratching or severe strain ‘stainless steel’ plates and screws show 
mcrca.sed corrosion in the tissues and incre.ascd liability to breakage from fatigue strain. 

“10. From .studies of weight loss after c.xposure to the tK=ucs and to blood senim under varying con- 

. * Paper was presented in full at the Annual Meeting of The American Academv of Orthopaedic Surgeons, 
Chicago, Illinois, January 28, 1947. 
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ditions both before and after strain, it is apparent that there may be no fear of deleterious poisonous actioi 
from any of the three metals cited as satisfactory. 

“11. No screw holds well in cancellous bone. Wider threads to increase tiie holding power merel 3 
intensify the concentration strain on the screw with an increased absorption rate of calcium about the screw 
Screws attempting to fi.\' cancellous bone should have a firm grip on the distal cortex or a bolt should be 
used in place of them. 

“ 12. All screws in long bones should penetrate both cortices nOiere possible and should be inserted al 
right angles to the surface of the plate holes or to the surface of the bone if no plate is used. If placed at an 
angle in bone without a plate, the screw head should be countersunk to prevent shearmg strains on the neck 
of the screw. This latter procedure should always be followed in the use of transfixion screws which are 
at an angle to the surface of the bone. 

“13. Plates should be of adequate length and witk a sufficient number of screw holes to distribute the 
strain so that no undue strain is borne by any individual element, plate or screw. 

“ 14. The drill holes should be made by a drill slightly smaller than the shank of the screw without its 
thread and the drill should be carefullj' protected against wobbling or reaming as the hole is drilled. Exces- 
sivelj-^ high speed drills are to be avoided.” 

By macroscopic examination, the tissues adjacent to the steel screws and plates showed evidence of 
discoloration. Biochemical examinations of the adjacent tissues to determine wffiich metals had been dis- 
solved were not made, although this test was recommended in the original agenda of 1941 for this review 
and study. 

On the basis of the data submitted, it was agreed by the Subcommittee that 18-8 SMo steel, designated 
as “Specifications 316 and 317" by the American Steel and Iron Institute, was suitable for internal fi.xation 
of fractures for the period of healing. This restriction did not apply to Vitallium, which could be left in the 
body indefinitelj'. 

The report of the Committee on Medical Research was completed in June 1944, and forwarded to the 
National Research Council. The Subcommittee only became aware of this in May 1946. Thus when the 
Subcommittee met again in New York, in December 1944, it did not have access to the experimental findings 
of the Committee on Medical Research. The final report of the Subcommittee was then prepared and sub- 
mitted to the Fracture Committee of the American College of Surgeons at Atlantic City, in January 1945. 
Tills explains the inconsistencies in the two reports. In the Subcommittee’s report, it was stated that there 
was “marked variability of the individually cast Vitallium plates”. The consequent threat of breakage, 
while changed qualitatively (by .x-raj' review’ before use) “remained quantitatively unchanged in contra- 
distinction to the stainless steels”. In addition, in these tests, “there was demonstrated a marked variability 
in the individually cast Vitallium plates. This amounted to a thirty percent variation” as related to the' 
strength of such plates. ' 

Now it is learned that Professor Pink’s report to the Committee on Medical Research actually stated 
that in corrosion tests of nickel-plated screws, in W’hich electrolytic etching w'as performed to determine the 
thickness and sharpness of the thread: “Readings of thiclcness often varied as much as 30% or more”. This 
obviously has nothing to do with the suitability of Vitallium plates for internal fixation. 

Elsew’here in the Subcommittee’s report it is asserted: “This variability in Vitallium W’as true even in 
those plates w’hich had been x-rayed and found b}’ x-ray to be without casting deficiencies, carbon spots or 
air bubbles”. “The ability to withstand functional strain during the healing period is greater in the ‘stainless 
steels' than in tiie Vitallium plates and screw's wiiich w’ere tested. How'ever, more recent improvements in 
production of Vitallium plates and screw's entailing the use of x-ray testing for casting defects have pro- 
duced Vitallium plates and screws which are on a par with the two ‘stainless steels ’ in I'egaid to the resistance 
to functional strain.” 

In the I'eport of the Committee on Medical Research, how’ever, an opposite view is taken. “Table No. 
VII generally indicates slightlj’ larger corrosion I'ates for strained plates than for unstrained plates, except 
for Vitallium. ... In straining, the plates w’ere bent to a 90 degree angle and straightened. This treatment 
caused the Vitallium to display large crystals at the site of the bend and also caused cracks to form!” The 
steels, after such extreme bending, develop anodic and cathodic points w’hich become specific foci for cor- 
rosion. This is a much worse complication than the formation of crystals or cracks. 

The Subcommittee concluded its report as follow's: 

“Tantalum is not suitable for use as plates or screws for internal fixation of fractures. 

“Of the two stainless steels, the overall consideration of this Committee is that the equivalent of 18-S 
SMo steel is the more desirable of the two stainless steels, as designated by the American Steel and Iron 
Institute, Specifications 316 and 317. 

“It would, therefore, be the opinion of this Committee that Vitallium under the conditions in this 
discussion and the stainless steel identified by the American Institute and the above stainless steel are the 
two metals which we i-ecommend as acceptable.” 

‘‘At this time particular^ this Committee feels that such standards should be created upon sound 
principle to be submitted to the Bureau of Standards and subsequently submitted to the Department of 


THE JOURXAL OF BOXE AND JOINT SUnGERV 



METALS USED IX INTERNAL FIXATION OF FRACTURES 


249 


Commerce for its approval, and then to the Congress to be placed in the Food and Drug Act in order to 
jassure for the future that onlj' materials which meet these requirements may be offered for sale”. 

So far, the Bureau of Standards has devoted most of its attention to torsion strength, ductilitj-, and 
rardness of metal plates and screws, rather than to freedom from electrochemical effects in the bodj*. The 
•esult has been that various tj^ies of stainless steel have been endorsed which are definitely deleterious in 
he body. Also, instrument makers are still selling “stainless steels” with varj-ing properties which are not 
miversallj’ suitable in the bodj'. 

It is unfortunate that these contradictions have appeared in the various official reports on this subject, 
oecause the individual surgeon is thus left more confused than ever. The original plan of the Fracture Com- 
mittee of the American College of Surgeons was to establish a specific standard which could be depended 
apon by everyone. This objective failed because divergent opinions were voiced by different committees, 
md no single accepted view was expressed b 3 ’ all. However, the Fracture Committee now has access to all 
the reports on the effects of metals on bone, and should be in a position to proceed to some tj^pe of standard- 
ization in conjunction with the Bureau of Standards. 

IffiFEREXCES 

1. Committee on Fractures and Other Traumas, American College of Surgeons: Report of Subcommittee 
on Plates and Screws. Proc. Twentj’-third Annual Meeting, Atlantic City, X. J., Jan. 26-27, 1945. 

2. Committee on Medical Research, Office of Scientific Research and Development (Report Xo. 17, bj- 
Colin G. Fink): Use of Metal in Internal Fixation of Human Bone Fractewes, Dec. 1944. 

3. Venable, C. S., and Stuck, W. G.: The Internal Fixation of Fractures. Springfield, Illinois, Charles C. 
Thomas, 1947. 

DISCUSSIOX 

Dr. J. Albert Ket, St. Louis, Missouri: Dr. Venable and I have quarreled for j-ears in a friendly man- 
ner over the relative merits of Vitallium and stainless steel Vitalhum is the better material to use if j'ou want 
to avoid irritation in the tissues or electroij’tic reaction. It has the disadvantage that it cannot be machined 
or draum into wire; it must be cast. The surgeon who uses it should have the ability to judge the mechanical 
factors that it wiU be called upon to withstand. We are going to have plates and screws of stainless steel 
or of Vitallium tom out or broken. I know a good deal about bone surger 3 - and internal fi.xation, but I have 
had plates fail, not because of anjdhing inherentlj’ wrong nith the material used, but because thej' were 
used unnisely. You have to add e.xtemal fi-xation in cases where internal fi.xation is not enough. I have used 
dual plates in recent j’ears, omitting external fixation. You cannot do it with ordinarx* plates, because thej" 
'^11 break or bend or tear out, whether they are Vitallium or stainless steel. My opinion is that there is a 
place for both metals. 

One must not put two tj^jes of stainless steel in the same wound. I have reported cases in which there 
was electrolj'sis with verj’ marked absorption around the screws; when I removed those screws thej’ were 
black, j’et they had been sold as stainless steel. I do not know which of the stainless steels is the better. 
With Vitallium, we alwaj'S know where we stand. 

Dr. Leoxard Peterson, Washington, D. C.: Materials for internal fixation should be of the highest 
qualitj' so that, with proper surgical technique, no failures will occur as a result of electrolysis, faultj’ design, 
or inadequate strength. The material should be phj'siologically inert in the body; and in this respect we have 
two metals which are suitable, Vitallium and the stainless steel known as IS-S SMo. The dc-signation of 
18-8 SMo is applied to a range of high-alloy stainless steels, containing from 15 to 19 per cent, chromium, 
8 to 14 per cent, nickel, and 2 to 4 per cent, molj-bdenum. This e.vplains the designation, SMo, which means 
steel fortified with molj-bdenum. If we speak of stainless steels as a group, we trill encounter many out.side 
this formula which are not inert and which, if mixed with each other, can set up serious electrolysis. However, 
18-8 SMo meeting proper specifications is physiologicallj' inert for all practical purito'^cs, and compares 
favorablj' with Vitallium in this respect. In addition to the specified composition, the hardne.As of the final 
product should be specified, since variable hardness may cause electroh'tic reaction. .4 hardne.-' of Rockwell 
30 to 35 on the C scale has been adopted as standard. 

Unfortunatelj’, the phj-sical characteristics of metal have not received proper emphasi- in the search 
for inert material. In an effort to correct existing deficiencies in composition, design, and manufacturing, new 
tentative Armj' specifications were prepared in cooperation with the Xational Bureau of Sumdard-, The 
metal adopted was 18-8 SMo, hardness 30 to 35 Rockwell C. Plates were limited to six sizes, w hich inchuie 
practicallj' all the lengths prerioush’ made in eleven sizes. For increased strength and rigiditj", i)late= were 
made with a straight mid-section, similar to the design used in Canada. The\- combine the desirable fcature- 
of the Sherman catenoid plate, — nameU', uniform bending, and of the Venable straight plate, — namely, in- 
creased strength in the mid-section, where it is needed. Xearh' cverj’one concerned agrees tliat this new tyjK- 
could replace both of the other tjqjes of plates without an\' advantage being lost. The plate should Ik’ l>ent 
by suitable bonding irons to fit the honb before application, in order to avoid a spring tension effect on the 
screws. Precautions against bending as required arc, in my opinion, without clinic.al imiKirtance 
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Screws have been adopted with a cruciate head, which possesses advantages similar to the Phillips head. 
The Phillips head cannot be made economically in 18-8 SMo because of its hardness, and the simple slotted 
head is obviously inadequate. Two improved flutes are provided,’ and a pilot or guide point is an optional 
feature. The drill point of optimum diameter, based on numerous tests at the Bureau of Standards, is made 
of distinctive shape and length, of the same metal as the plates and screws, and is unbreakable, in contrast 
to the frequent breakage of drills previously encountered. 

While the inert quality of Vitallium is recognized, its strength and fatigue resistance are inferior to 18-8 
SMo and, furthermore, no method of manufacture, inspection, or testing has been verified which will abso- 
lutely exclude defective Vitallium plates. In the report of the Committee on Fractures and Other Traumas 
of the American College of Surgeons, Atlantic City, New Jersey, January 1945, Dr. Venable’s Subcommittee 
on Plates and Screws reported: “Vitallium was found in many instances to be the complete equal of the 
SMo steel as regards these tests, but throughout the investigation there was demonstrated a marked vari- 
ability in the individually cast Vitallium plates. . . . The stainless steel showed a remarkable uniformity on 
the other hand, . . This i-eport is based on the research conducted by Professor Colin Fink at Columbia 
University, under the auspices of the Office of Scientific Research and Development. The final report by 
Professor Fink concluded that Vitallium and 18-8 SMo were equal in corrosion resistance. Plates were tested 
by bending and straightening. This caused the Vitallium to display large crystals at the site of the bend 
and also caused cracks to form. While Dr. Venable has previously claimed that Vitallium is the only metal 
which appears to be uniformly inert, the results shown in the Fink report indicate differently, since both 
Vitallium and 18-8 SMo were found suitable from the physiological standpoint. In respect to the physical 
properties investigated by the National Bureau of Standards, I quote the following from a report by Dr. 
L. B. Tuckerman, December 17, 1946: "Our examination and tests of Vitallium bone plates have confirmed 
the statements made in the committee report about the variability of the mechanical properties of these 
plates. Several Vitallium plates removed from soldiers’ legs in Army hospitals because of brittle fractures 
showed only local brittleness. . . . We were unable to correlate these areas of local brittleness with any 
chemical segregation or differences in microstructure or with local variations in indentation hardness.” 

“The seriousness of the results of a single broken plate in a man’s leg makes us reluctant to write any 
specification for bone plates which does not ensure that no single brittle plate shall be accepted. . . . The 
presence of local brittleness is not revealed by .x-ray inspection. 

“So far as we can see the absolute exclusion of the possibility of occasionally accepting Vitallium plates 
having local brittleness could only be obtained by reliable non-destructive tests which could be applied to 
each individual plate. We know of no such tests. . . . 

“We have also made many tests of 18-8 SMo plates. Our tests have confirmed the statements made in 
the committee report about the uniformity of this material. Plates cold worked to the same Rockwell C 
hardness gave uniform strength. Plates of higher Rockwell C hardness gave, as was to be expected, higher 
strength. In no case did we have a brittle failure. The plates could be bent and straightened many times 
without brittle fracture . . .” 

In conclusion Dr. Tuckerman states: “At present as explained above we can only see our way clear to 
write specifications for plates made of 18-8 SMo 

Dr. Clay Ray Mxirray, New York, N. Y.: I would like to augment some of the things Dr. Peterson 
had to say. I spent almost three years on the investigation of this problem in cooperation with Professor 
Colin Fink of the Engineering Department at Columbia University. These studies, made under the auspices 
of the Office of Scientific Research and Development, were in large part the basis for the report rendered to 
the Committee on Fractures and Other Ti'aumas of the American College of Siugeons. The factual findings 
were that 18-8 SMo stainless steel, 19-9 stainless steel, and Vitallium were all acceptable for use as plates 
and screws. It was agreed that, of the three, Vitallium was the most inert in living tissue. It was further 
agreed that none of the three produced sufficient reaction to cause physiological disturbance, interfering with 
the healing of bone or soft parts. It was agreed that mixing two different types of metal might cause phj'sio- 
logical disturbance, and that this practice was distinctly undesirable. It was factually demonstrated that, 
in response to mechanical strain tests, the stainless steels were remarkably constant, but that there was a 
considerable variation among the individual Vitallium castings in their response to the same tests. These 
being tactual findings, there could be no disagreement among the Committee members in regard to them. 

Dr. Walter G. Stuck (closing) : I appreciate the remarks of the discussers. The subject is too vast to 
cover in a few minutes. I therefoi'e feel like our Open Forum speakers who, when asked questions, reply: 
“You will find the subject well covered in my latest book”. 
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JOSEPH B. L’EPISCOPO 
1590-1947 


On September 5, 1947, after a protracted illne??, Joseph B. L’EpL=copo died in Xewr York. The medical 
profession lost an esteemed practitioner of medicine and a ■svell-lmown orthopaedic surgeon. 

For about seven years prior to hb death, he was Profes=or of Orthopaedic Surgery at the Long Island 
College Hospital, where he had served hL= internship. 

During VTorld War I, Dr. L’EpL=copo served as First Lieutenant in the Medical Corps of the United 
States Army. After returning to private practice, he devoted himseh' to the development of the Orthopaedic 
Department of the Long Lsland College Ho=pitaL He al=o became the Director of Orthopaedic Surgery at 
Kings County Hospital, Carson Peck Memorial Ho^ital, Bushwick Hospital, House of St.Giles the Cripple, 
and many other institutions throughout Brooklyn and Long Island. 

As a Fellow of the American College of Surgeon.=, he wa= deeply interested in its activities. He was a 
member of The American Orthopaedic -Association and a charter member of The -American Academy of Or- 
thopaedic Surgeons, and he was extremely interested in their actitities. 

Dr. L’Episcopo was bom in Itah*, and came to tins country at the age of eight, .Among the outstanding 
features of hh; professional career in the community in which he lived was his intense loyaltj- to organired 
medicine in all its branches. He v.'a= a frequent contributor to the literature in his specialty, a keen student 
of anatomy throughout hL= life, an able and competent surgeon, and a teacher. Perhaps his mo=t character- 
btic traits were his gentleness of manner and firmness of purpo=e. It was his desire at all times to lend a 
helping hand to his student', interns, and residents, by whom he was revered. Up to three days before hi' 
death, he was still making plans for the betterment of the Long Island College of Medicine and for the im- 
provement of s,ervices of the various members of his Staff. He possessed a gentleness tempered with firmness, 
an intelligence impregnated with j'ears of clinical experience, — a teacher, a scholar, and above all a gentle- 
man. 

His passing b a distinct lo^s, and an untimely one, to the profession and the specialty which he served 
^o nobly. Those who had the privilege of knowing him intimately will never forget hb influence on their lives. 


PIERO PALAGI 
1579-1947 

Professor Piero Palagi, one of the best Imown and mo't colorful of the orthopaedic surgeons in Italy, 
died in Florence on March 18, 1947. He was bom on December 29, 1879, in Bibbiena, Tu.=cany. He was 
graduated from medical school in Florence in 1902, and did postgraduate work at the hospital' for internal 
medicine and genera! surgeiy in Florence imtil 1905. In I90G he became associated with the great orthopaedic 
hospital, Ixlilulo rlei liachilici, in Milan, where he worked for nearly three years under the guidance of the 
noted Italian orthopaedic surgefjn, Galeazzi. Subsequently Palagi did postgraduate work at other orthopaedic 
institutions abroad, modly in Germany. 

During the first World War he performed dbtingubhed service a' a military surgeon, and was head of 
the first Fjjecializei'l service for the treatment of bone and joint ca.=ii3lties. .After the war, Palagi wa= nomi- 
nated chief of the section of orthopaedic and traumatic 'urgery in the Department of Surgery at the L'ni- 
versity of Florence; he directerl that service from Xovember 1918 to May 192-3, when he V>ecame chief of the 
iHitiiio Orlopedico T o^rano, the onhopaedic hospital of the L'niversity. From a relatively modfc-t orthopaedic 
hospital fthirty bed' in 1923, when Palagi took over its direction), the Iflituto Ortop'diro To-rano develois-d 
gradually during the following twenty-four years into one of the finest orthopaedic in-titutions in Italy. 

Since 1925, Palagi had occupierl the Chair of Orthopaedics and Traumatic Surgr-rj' at the Univer-itj 
of Florence. With almo-t a rpiartcr of a century of teaching and innumerable course— o: k-ciurc-s to general 
practitioners, countrj- physician', health officer-, and nurses, Pahai contributed greatly to the diffu-ion of 
orthopaedic knowledge throughout the profession and to the realization of the imi'ortanee of orthopaedic 
‘urgerj- which, until a few years ago, had been con-idered but a ‘■tepchild of surgciy Together with Putti. 
Ids lifelong and intimate friend, Palagi undertocik a tnic crusade for the early recognition and treatment of 
congenital dislocation of the hip, a disease frequent in Italy, pardcularly in Tu=eany 

In more than fifty scientific papers, monographs, and reports at Italian and international meeting-, h" 
made several important contribution-, 

•Aside from hi= qualities :ls surgeon and teacher, Palagi was outstanding for hi- fKr-onahty, which left 
a deep and lasting imprt-sion on all who h.ave had the pri%dlege of being as=c,riate<! with liirn He was a 
gpntlem.an in the noblest -cn-e of the word, straightforward and courageous at a time when few jieo.ole in 
Italy had the fortitude to stand for their conviction'. He gave all of him'elf to hi- profc — '.on He i- deep';- 
mi-.-ofl by hb many friend' an'l a.-''»ciates. 
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News Notes 

THE AMERICAN ACADEMY OF ORTHOPAEDIC SURGEONS 

The Fifteenth Annual Convention of The American Academy of Orthopaedic Surgeons will be held at 
the Palmer House, Chicago, January 24, 25, 26, 27, 28, and 29, 1948, under tlie presidency of Dr. Rex L. 
Diveley. 

Registration will begin at nine o’clock Saturday morning, January 24. Scientific and Technical Exhibits 
will be ready for inspection at that time. During the afternoon the Audio-Visual Education Program will be 
presented under the chairmanship of Dr. Charles N. Pease. At seven o’clock Saturday evening the Instruc- 
tional Coui’se Dinner will be given, at which time an “Information Please’’ program unll be presented. This 
will offer to members present an opportunity to “stump the panel of experts”. 

The Audio-Visual Education Program will continue on Sunday morning from nine o’clock until noon. 
The Instructional Courses mil begin at two o’clock Sunday afternoon and continue until noon on Monday. 
The following Courses will be offered. 


Course I 


Abnormal Anatomy of the Lumbosacral Region witli 


Reference to Low-Back Pain 

Roentgenography in Low-Back Pain 

The Medical Aspects of Low-Back Pain 

The Conservative Treatment of Low-Back Pain 

The Operative Management of Low-Back Pain 

Lumbosacral Fusion 

Surgical Treatment of Low-Back Pain 

. . Dr. Theodore A. Willis 
. . Dr. Albert Ferguson 
. . Dr. J. G. Kuhns 
. . Dr. Paul C. Williams 
. . Dr. Joseph S. Barr 
. . Dr. David M. Bosworth 
. . Mr. H. Osmond Clarke 

Course II 

Postoperative Care 

. . Dr. Walter G. Maddock 

Course III 

Medical Aspects of Arthritis 

Orthopaedic Treatment of Arthritis 

. . Dr. Richard H. Freybsrg 
. . Dr. Carl E. Badgle}'^ 

Course IV 

Anatomy of the Hand 

. . Dr. J. E. Markee 

Course V 

Vascular Phenomena in Orthopaedics 

. . Dr. Donald S. Miller 

Dr. David I. Abramson 

Course VI 

Plastic Surgical Problems Related to Adult Orthopaedics. . 

. . Dr. Paul W. Greeley 


Principles and Practice of Plastic Surgery as Related to 

the Care of Crippled Children Dr. H. R. McCarroll 


Course VII 

The Treatment of Acute Hematogenous Osteomyelitis. . . .Dr. Robert C. Robertson 


Course VIII 


Vascular Tumors of Bone . . 


Dr. Henry W. Meyerding 
Dr. Dallas B, Phemister 
Dr. David G. Pugh 
Dr. Bradley L. Coley 
Dr. Norman L. Higinbotham 


Course IX 

Painful Hips in Children Dr. Leo S. Lucas 
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CODHSE X 


Tuberculosis of the Spine m Children 

Tuberculosis of the Loi\ er Extremity m Children 
Tuberculosis of the Upper Extremitj' in Children 

Dr. Eduin F. Cave 

Dr Fremont A Chandler 
Dr. George J. Garceau 

Semmar on Scoliosis 

Course XI 

Dr. Joseph C. Risser 

Course XII 

Psychosomatic Problems in Orthopaedic Surgery . . 

Dr. J. Vernon Luck 

Hip Surgerj' ... 

Course XIII 

. Dr. Paul H. Colonna 

Endocnnes m Bone Metabolism . 

Course XIV 

.Dr Indn Stein 

Course XV 

Semmar on Amputations of the Lou er Extremity . 

Dr. Rufus H. Alldredge 

Practical Foot Problems 

Course X\H 

.Dr. Walter R Fischer 

Courses X\HI & XXXIV 

Disabihty Evaluation 

Dr. Earl D. McBride 

Seminar on Plastic Surgerj 

Course XIHII 

Dr. Paul W. Greeley 

Anatomy of the Shoulder 

Anatomy of the Hip 

Course XEX 

Dr. Cbude X. Lambert 
.Dr. John J. Fahey 

Scoliosis 

Course XX 

. Dr. Harold E Cron e 

Dr. Wm H. Von Lackum 
Dr. John R. Cobb 

Dr. Joseph C. Risser 

Muscle Physiologj’ . . 

Course XXI 

.Dr. Charles 0. Bechtol 

Course XXII 

The Surgical Treatment of Poliom>elitis 

.Dr. C. E Imnn 

Chemistrj’ of Bone Lesions 

Course XXIII 

.Dr. Imn Stein 

The Cerebral PalsiC' 

Course XXIV 

Dr. W. M. Phelps 

-Arthroplastj of the Hip 

Coun.'~E XXt’ 

. Dr. M. X Smith-Pctcr-cn 

Treatment of Congenital ChiUPoot 

Course XXV^I 

. Dr. J. Hiram Kite 

CouR-sr XXVH 

Con'cnatuc Mamgomciit of Lc'ioiis of the Liimbo-a- 
cnl Spine 

Dr. Paul C. William' 
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CoUR.SB XXVIII 

Surgical Approaches: Upper Extremities 

Surgical Approaches: Lower Extremities 

. . . Dr. H. Herman Young 
. . . Dr. Wm. Schnute 

Internal Fixation of Fractures .... 

Course XXIX 

. . . Dr. Walter G. Stuck 

Seminar on Arthritis 

Course XXX 

. . . Dr. Richard H. Freyberg 

Hand Surgeiy 

Course XXXI 

. . . Dr. Walter C. Graham 

Course XXXII 

Roentgen Diagnosis of Bone Tumors 

. . . Dr. Albert B. Ferguson 

Roentgen Diagnosis of Bone Tumoi 

Course XXXIII 

. . Dr. Albert B. Ferguson 

Hemipelvectomj' 

Course XXXV 

. . Dr. Don King 


On Monday afternoon, Tuesday, Wednesday, and Thursda3' morning, the Scientific Program will be 
given. 

There will be Executive Sessions at noon on Tuesday and at noon on Thursday, for members only. 

The following program has been selected by the Program Committee under the chairmanship of Dr. T. 
Campbell Thompson. 


Monday, January 26 

Afternoon Session 

Occurrence and Management of Reflex Sympathetic Dystrophj'-Causalgia of the Extremities. 
James W. Toumej’’, M.D. 

The Use of Iliac Bone Grafts in Orthopaedic Surgery. 

I. S. McReynolds, M.D. 

Fractures of the Carpal Scaphoid. 

H. Osmond Clarke, F.R.C.S. (London, England) 

Delayed Bone Graft in the Treatment of Congenital Pseudarthrosis. 

John R. Moore, M.D. 

Short First Metatarsal — Its Incidence and Clinical Significance. 

T. Beath, M.D. 

R. I. Harris, M.B. 


Tuesday, January 27 

Morning Session 

Legg-Perthes Disease — A Method of Conservative Treatment. 

Maurice M. Pike, M.D. 

The Relationship between Congenital Sublu.xation and Congenital Dislocation of the Hip. 
Vernon L. Hart, M.D. 

Treatment of the “True” Congenital Luxation of the Hip. Results of the Open Reduction. 

Professor Jacques Leveuf (Paris, France) 

Symposium on Orthopaedic Rehabilitation — Frank Stinchfield, M.D., Chairman 
Aspects of Physical Reconditioning. 

Marcus J. Stewart, M.D. 

Vocational Rehabilitation. 

Michael J. Shortley, M.D. 

Rehabilitation of the Severely Handicapped. 

Heniy H. Kessler, M.D. 

Afternoon Session 

Dupuj'tren’s Contracture: A Report of Fourteen Cases of Combined Palmar and Plantar Lesions. 
J. Vernon Luck, M.D. 

The Problem of the Lumbar Intervertebral Disc — Some Pathological and Clinical Aspects. 
Professor Sten Friberg (Stockholm, Sweden) 
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Criteria for Spine Fusion Following Removal of Protruded Nucleus Pulposus. 

Guy A. Caldwell, M.D. 

William B. Sheppard, M.D. 

The Problem of the Primary' Curve in Idiopathic Scoliosis. 

John R. Cobb, M.D. 

Changing Concepts in Scoliosis. 

W. H. Von Lackum, M.D. 

Wedn-esd.^t, J.\xu.\bt 2S 

Morning Session 

Symposium on Treatment of Fractures of the Long Bones — Mather Cleveland, M.D., Chairman 
The Use of Skeletal Traction in the Treatment of Fractures of the Femur. 

Edward M. Winant, M.D. 

Open Reduction and Internal Fixation of Long-Bone Fractures. 

Harrison L. McLaughlin, M.D. 

External Skeletal Fixation in the Treatment of Tibial Fractures. 

John R. Naden, M.D. 

Surgical Treatment of Non-Union of Long Bones. 

Dr. Robert Merle D’Aubigne (Paris, France) 

Presidential Address. 

Rex L. Divelej', M.D. 

Afternoon Session 

The Cervical Sjaidrome as a Causative Factor in Certain Shoulder Disabilities. 

Ruth Jackson, M.D. 

Margaret Watkins, M.D. 

Aseptic Necrosis of the Femoral Head. 

Joseph M. Regan, M.D. 

Ralph K. Ghormley, M.D. 

Early Effects of Partial Denervation of the Hip for Relief of Pain in Chronic Arthritis of the Hip. 
Benjamin E. Obletz, M.D. 

Hamstring-Tendon Transplantation for the Relief of Quadriceps Paralysis in Residual Poliomyelitis. 

J. R. Schwartzmann, M.D. 

C. H. Crego, Jr., M.D. 

Traumatic Proliferations of Fibrocartilage with Ossiffcation in the Genesis of Spondylitis Deformans and 
Traumatic Myositis Ossificans. 

Edwin F. Hirsch, M.D. 


Thtjusday, J.an'C.ary 29 

Morning Session 

The Status of Lumbosacral Fusion. An Operation of Transfacet Mortised Bone Block. 

Earl D. McBride, M.D. 

Arthrodesis of the Spine. An Ankylosing Method Permitting Early Ambulation. 

Roger Anderson, M.D. 

Ivan Loughlen, M.D. 

Pcn-Chien T’Ung, M.D. 

The Flexion Block Fusion with Screw Fixation of Facets. 

O. Anderson Engh, M.D. 

Acute Anterior Dislocation of the Shoulder. 

Toufick Nicola, M.D. 

Posterior Di.slocation of the Shoulder. 

John C, Wilson, M.D. 

The .\nnual Dinner will be held on Wednesday evening, and on Tuesday evening a stag smoker. 
\ wliieh will give the members an opitortunity to meet our distinguished foreign guests. 


The American Societj- for Surgery of the Hand will meet in Chicago on Januarx- 23 and 2-1. in 
conjunctioi\ with The American .\cademy of Orthopaerlic Surgeons. The padiminarj- program of the meeting 
was published in the October i.ssue of Thr Joiirnnl. 


A .six-week course in General Orthopaedic Surgery and Traumatologr-, Ix-pnning on Felirmin- 2. 
will be conducted by Dr. Arthur Steindler and a.s.sociates at the College of Me<lic-.d Evangi li-ts. Angeh^ 
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The National Society for Crippled Children and Adults, Inc. will hold its usual sale of East 
seals. These seals will be sent in lettera from the State Societies, early in March. The gross return from tl 
sale of Easter seals in 1947 was one million dollars more than in the previous year. This money is used i 
in-ovide needed services to cripi^led children in forty-three states, and in Hawaii and Alaska. 


An intensive Postgraduate Course in Orthopaedic Surgery will be given at the Medical Center and 
the San Francisco County Hospital February 9 through 13. The general chairman of the course is Dr. 
LeRoy C. Abbott, Professor of Orthopaedic Surgery, University of California Medical School. Requests 
for application should be addressed to Stacy R. Mettier, M.D., Head of Postgraduate Instruction, Medical 
Extension, University of California Medical Center, San Francisco 22, California. 


Dr, Dallas B. Phemistcr of the Department of Surgery, University of Chicago, was awarded the Danis 
Prize on September 15, 1947, at the meeting of the International Surgical Society, held in London, because 
of his work on “Treatment of Ununited Fractures by Onlay Grafts without Screw or Tie Fixation”. The 
fund for this prize was established by the pupils and friends of Robert Danis, for many years Professor of 
Surgery at the University of Brussels. The prize is awarded at the meeting of the International Surgical 
Society, which usually takes place every three years, and is given for the most important work on the 
operative treatment of fractures. 


The second annual meeting of the New Jersey Orthopaedic Society was held at the Hospital and 
Home for Crippled Children, Newark, on October 11, 1947. The scientific program, arranged by Dr. Toufick 
Nicola and his committee, included the following papers; 

Shelf Operation for Congenital Dislocation of the Hip — Harry Merliss, M.D. (by invitation) 

Scoliosis: Rapid Method of Correction of Deformity Preliminary to Spine Fusion — Vincent Scudese, 
M.D. (by invitation) 

Basile Operation for Flat Feet — H. Kunz, M.D. (by invitation) 

Amputations in Europe — Henry H. Kessler, M.D. 

Saucerization and Skin-Grafting for Chronic Osteomyelitis — J. J. Flanagan, M.D. 

Bone Tumors in Children — E. Seifert, M.D. (by invitation) 

Operative Results of Bone Cysts — Henry De Vincentis, M.D. (by invitation) 

Osteoid Osteoma — R. R. Goldenberg, M.D. 


The U. S. Public Health Service Research Grants Program, which has been in operation since 
1946, is financed by public funds in the support of research, conducted without government control, by 
independent scientists. The purpose of these grants is to stimulate research in medical and allied fields by 
making funds available and by actively encouraging scientific investigation of specific problems on which 
scientists agree that urgently needed information is lacking. Since 1946, a total of $11,061,000 has been 
provided for the program, exclusive of appropriations for research grants in the fields of cancer and mental 
health. A total of sixteen grants, which represent an expenditure of .$159,910, have been approved for 
research work in the field of surgery. 

Late in 1945, the Research Grants Division was established to administer the grant program of the 
Public Health Service with Dr. C. J. Van Slyke as Chief. In July 1947, in order to effect coordination in the 
administration of the programs of research grants and research fellowships, the administration of the U. S. 
Public Health Service Fellowship Program was delegated to the Research Grants Division, which is now 
known as the Division of Research Grants and Fellowships. 

Final recommendations to the Surgeon General of the Public Health Service are made by the National 
Advisory Health Council regarding all research grants, except those relating specifically to the fields of 
cancer and mental health, for which the National Advisory Cancer Council and the National Advisory 
Mental Health Council, respectively, are responsible. 

At the request of the National Advisory Health Council, the fields of medical and allied research were 
classified into twenty major categories, and Special Study Sections, made up of consultant experts in these 
twenty fields, have been established. Late in 1946, the Surgery Study Section was organized with Dr. 
Frederick A. Collcr, Professor of Surgery, University of Michigan School of Medicine, as Chairman. 

Sixteen grants have been made for study in the field of surgery. Although most of the funds available 
for the fiscal 3 'ear ending June 30, 1948, have been expended, the Public Health Service is encouraging 
investigators to present new applications in order to plan for next year’s operation. Applications for new 
grants ma}'' be submitted at any time and should be addressed to: Chief, Division of Research Grants and 
Fellowships, National Institute of Health, Bethesda 14, Maryland. 
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Mkdical Disorders of the Locomotor System Ixclcdixg the Rheumatic Diseases. Ernest Fletcher, 
iM.A., M.D. (Cantab.), M.R.C.P. EJinburgh, E. and S. Lmngstone, 45 shillings; Baltimore, The AVil- 
liams and Wilkins Company, 1947. Sll.OO. 

As the title implies, the object of this book is to bring together the available information on the medical 
disorders of an important system of the body, one which his tended to fall between the specialties of internal 
medicine and orthopaedic surgery. That this group of disorders should form an independent specialty, as 
advocated bj' the author, seems debatable; but further discussion on this point is bej’ond the proiince of this 
review. To accomplish this monumental task. Dr. Fletcher has been aided b 3 ' the contributions of others 
well qualified to describe certain aspects of the subject. .Among these, the chapter on “.Applied .Anatomj’” 
bj^ G. A. G. Mitchell stands out in cla-itj' and conciseness, although the insertion of a larger number of illus- 
trations and diagrams would be of aid to the reader. “Radiologv” bj' P. C. Golding has been outlined onlj* 
in respect to arthritis, but roentgenograms of other conditions have been adequatel 5 ’ proidded in the re- 
mainder of the book. W. S. C. Copeman has handled the subject of “Fibrositis" according to the prevailing 
British ideMrpoint, which is not accepted in entiretj' in this countrj'. Other special contributions include 
“The Ear, Nose, and Throat” and “The Teeth as Sources of Focal Infection”, “Medical Diseases of Bone”, 
“Laboratorj" Findings in Rheumatism”, and “The Incidence and Prevalence of .Adult Rheumatism”. The 
last, bjr a statistician, illustrates the inadequacj' of available data, chieflj- due to inherent difficulties in the 
diagnosis and classification of the rheumatic diseases. 

The remainder of the book has been the responsibilitj’ of the author himself and is devoted to a sj'stcm- 
atic description of the wide varietj' of disorders affecting the locomotor sj-stem, with great emphasis and 
space noccssarih’ given to the rheumatic disorders. In addition, there are separate chapter.® on the important 
and difficult subjects of “Sciatica”, “Brachial Neuralgia”, “The Shoulder Joint”, and “Buckiehs”. The 
differential diagnosis of those conditions is presented in a helpful and info-mative fashion, as are, in general, 
methods of treatment. Topics omitted or inadequatelj- treated for a work of this kind include lupus erj’the- 
^matosus disseminatus, dermatomj^ositLs, scleroderma, amjdoidosis, Dupujdren’s contractu’e, and pig- 
Jnonted vUlonodular sjmoi.'itis. 

As stated in the Preface, this book is designed for the specialist in locomotor disorders. From this 
standpoint alone does the author seems justified in describing in detail a number of outmoded or unestab- 
lished methods of treatment, without definite statements of his opinion as to their value. Tne book can, 
therefore, be recommended unre.servedh' onlj- to the critical reader with a wide experience in arthritis and 
allied conditions. 


IIospiTAE Care in the United St.ates. Commission on Hospital Care. New York, The Commonwealth 

Fund, 1947. .S4..50. 

The report of the Committee on the Cost of Medical Care in 1932 was the first comprehensive studj’ of 
sickness, health, and hospitals in the United States. It considered the problem of sicknes®, and the extent 
and use of ax’ailable treatment and preventive measure®. It computed its eo®t to the patient and income to 
the doctor. The re])ort presented the needs of the countrj- in doctors and hospital beds, separating the co-t 
of sickness into hospital costs, nursing co=ts, medicines, and professional fees. It clearlj- established the im- 
ixirtance of hospitals in the medical structure. 

Now, in 1947, this report of the Commission on Hospital Care further emphasizes the strategic position 
of the hospital bj' devoting its entire 600 pages to “.A Studj- of the Function of the Gen-ral Ho-pital, It- 
Bole in the Care of .All Tj-pes of Illness, and the Conduct of .Activities R-lated to Patient Service, with 
Recommendations for its Extension and Integration for More .Adequate Care of the .American Public”. 

The Commission w-as comjxised of tw-cntj--two jiersons, plus a studj- staff of nine, and eight technical 
advisers, a-ssembled in 191 1 bj- a Post-War Planning Committee apiximted bj- the Tru'tees of the .American 
Hospital .As.sociation. It w-as financed bj- The Commonwealth Fund, the W. K. Kellogg Foundation, and the 
National Foundation for Infantile Paralj-.'i®. .Although it® work antedated and w-as separate from the survi'j-- 
.authorized bj- the Hospital Survej- and Construction .Act, recentlj- pa-sed bj- Congn— , it® acti%atic- un- 
doubtcdlj- infliienceil the Congress and advanced survej-s in the state®. It i® presented “to the .Anierir.in 
IK'oiile as a guide to the future development of hospit.al care", and as such -hould command it-elf to all seri'iu- 
stiidents of medical and hospital problems. 

One is somewhat overwhelmed bj- the ISl conclusion® and recomnvmdations pres<*nted in the *s.‘cond 
VOI, .10.\. NO 1. JXNl-ARY ISIS 267 
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chapter, until one j’cah’zcs that herein are condensed in summary form the wide variety of subjects covori - 
in detail in the next 300 pages. 

Section III lays a foundation of facts and information dealing ivith a diversity of subjects, includinj 
factors that have influenced the growth of hospitals, such as religion and war; the growth of hospitals ii 
the United States; the functions of a General Hospital; its relations with public health departments; stand- 
ards of service; and financing. 

The following sections, building upon this foundation, present new and original data under such titles 
as factors affecting the size and need of hospital facilities, — that is, population, vital indices, socio-economi 
conditions, geography, and transportation; the relation of bed-occupancy rate to size of hospital; the effc ' 
of urban or rural surroundings; and, finally, a foimula for measuring the need of a community for hospit 
facilities by means of what they term the "bed-death ratio". This is evolved as follows: 

It has been found that the public uses 250 days of general hospital care for each death occurring and 
correlated sickness cared for in a general hospital. Adjusting this on an annual basis (dividing 250 by 365 
gives 0.685), we get 0.7 of a bed for each hospital death, or a bed-death ratio. This must be adjusted again 
to allow for a normal occupancy of 75 per cent., or 0.S75 of a bed. The death rate in the nation is 10.6 per 
1,000. The Commission assumed that one-half of these deaths might properly be expected to occur in hospitals, 
or 5.3. Consequently they computed 4.96 or 5 beds as the number of general hospital and allied special hos- 
pital beds per 1,000 population as the ultimate and ideal future need of the nation. 

There are many methods of computing hospital-bed needs, but the Commission recommends this as 
the most reliable, pointing out that it is applicable under varying conditions of urban and rural areas, in low- 
income and high-income districts, and in other economic or population conditions; it expresses accurately 
the ratio of actual use, as well as the anticipated immediate needs, and can also be used to foretell futuri 
needs. 

For example, when hospital deaths are 4.0 per 1,000, occupied beds are 2.8 per 1 ,000 population. As hos- 
pital deaths increase, so should the number of beds available be increased up to the assumed maximum of 
5 beds per 1,000 population. 

These 300 pages are the heart of the report and represent the constructive work of the Commission. The 
final 200 pages present the best history of hospital development in the United States yet compiled, and one to 
which reference udll be gratefully made for years to come. This is interesting and instructive reading. 

The final chapter presents a useful listing of all the governmental departments and agencies with which 
hospital administi’ators have to deal. 

In short, this is primarily a reference book of great value for the planning of hospital development, 
illustrated with well-e.xplained charts and tables, graphically showing the wide variation of hospital facilities, 
and services in the different states. A practical yardstick for measuring hospital-bed needs, in the bed-deaW 
ratio, and future development and expansion for both urban and rural communities are discussed intelli- 
gently. Finally, there is an interesting and instructive history of hospital development in the United States. 


Beconstbuctive and Reparative Surgery. Hans May, M.D., F.A.C.S. Philadelphia, F. A. Davis Com- 
pany, 1947. $15.00. 

In this ambitious monograph. Dr. May has covered the field of reparative surgery in a very broad way. 
The general principles pf reconstructive surgery, with special emphasis on plastic surgery, are well presented; 
and there is a splendid resume of the newer thinking concerning wound healing and the treatment of burns, 
resulting from research during the last decade. In the chapters on surgery of regions, some procedures are 
discussed which are more commonly presented in orthopaedic writings or those of other surgical specialties. 
For example, several pages are devoted to acute arterial embolism and embolectomy; there is a lengthy 
discussion of reparative surgery of the large joints of the extremities, including the hip; and space is given 
to the operation of circumcision. The book suffers because this textbook approach to some of the multiple, 
specialized problems of reconstructive surgery limits the possibilities of detailed presentation. 

To the readers who refer to this book because of an interest in special phases of reparative surgery, careful 
study of the text and illustrations will be very enlightem'ng. The author draws upon liis early e.xporiences 
vdth Lexer in Germany, and he quotes intelligently from the literature both of this country and of Germany. 
This book will thus be enlightening and valuable as a source for comparison of the techniques and methods 
in the two countries. Also, the reader vdll be repeatedly impressed with the contributions of the German 
surgeons of the last century and the early decades of this century. 

To orthopaedic surgeons, the section on the extremities will be interesting. The author draws from the 
vTitings of others, but usually adds a comment based on his own experience. In the section of illustrativ' 
cases, a variety of methods of soft-tissue replacement of the extremities arc demonstrated. The value of a 
familiarity with these methods is becoming increasingly apparent. 

This monograph wiU be useful as a reference work on many phases of reconstructive surgery. The syste- 
matic and concise fashion in wliich the material is presented makes for easy reference. An extensive bibliog- 
xaphy is included, w'hich is well selected and general in its scope. 
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painful shoulder 

OBSEnV\TIOX.S ox THE RoLE OF THE TeXDOX OP THE LoXG He\D OF THE BiCEPS 

Br\CHII IX It.s Cvus\tiox 

B\ H\.ROLD H HITCHCOCK, M.D., \XD CHARLES O. BECHTOL, M D , OA.KL\XD, CA.LIFORXI\ 
From the Department of Orthopaedic Siiryery Samuel Merntt Hospital Oal land 


Lesions affecting the tendon of the long head of the biceps biachii are among the 
more fiequent causes of pain and disability in the region of the shoulder joint. Observation 
and inquiiy disclose that, in the majoiitj'- of cases, common predetermining factors ate 
responsible for the several pathological conditions encountered, an appieciation of which 
serves mateiiallj' in problems of diffeiential diagnosis and in the selection of rational pio- 
cedures foi the coirection of dysfunction. Of these prcdetei mining factois. the most signifi- 
cant are the piesence of the “supratubercular ridge” of Meyer (descrilied in 1928) and a 
preternatuialh' shallow bicipital or intertubeicular sulcus which, with excessive function 
' or as the outcome of trauma, results in a variety of lesions: these include acute or chionic 
pel 'tendinitis, varying degiees of attiition and damage to the tendon, and its paitial or 
complete dislocation. In addition, phjdogenetic and functional considerations are important 
or an understanding of the high degree of vulnerability’ of this tendon. — a liability u Inch 
lan has had to assume in his compromise u ith Natuie by the adoption of the erect posture 
Piioi to a discussion of matteis of etiology, diffeiential diagnosis, and treatment, it 
mild peihaps be advisable to consider and discuss the biief reports of foui cases whicli 
I xemplify some of the conditions mentioned. 

Casl 1 W r , a male, aced «i\t\, had f.dlen si\ months before .md struck the flexed elbow of the rmht 
urn Three weeks later he hid pam m the npht shoulder, which radiated down the front of the arm The 
[)un continue 1 and the patient lo-t the abiliti to move his shouldir 

E\amm it ion showed almost no motion m the shoulder joint Vt tempted p Ls'ive motion was acconiji mu d 
'n seierepam Gieat tenderness w.is elicited In pressure o\i r the biciiiital prooie RoontfrenoKrauLs ri \ i dt d 
no |) ithological chances, and the bicipital grooie appeired to lie of normil depth and conficur.it ion 

At operation the biceps tendon w.is found to be markedly injected, all of its shc’cn w.-is lo-t Tlu re wi n 
idhcsions to the transierse hunii ral liciment and the crooie, as well !l= to the flecj) a.spcct of the ti ndnii of 
the pictorahs major ADien tin sluiulder w.as eleiated, the portion of the ti ndon Iving in the uj)[)cr part of 
. Ilie crooie was ob'cned to become li\ and to buckle, owinc to its adherence to the tniisverse humeral hci- 
\ lent After the tendon had biaai frtad in the bicipital croon, it could not be iiullcal ujiward The bici ji- 
..ndon was, therefore, fivd m the croine and the portion aboie the trinsver-e- hunuril hcanu nt w is 
i '( cti d The slioiilder was then m inipul itcal, and int r.i-art it ill iradlii -lous wi re fi It and heair.! to cm \ft( r 
I' a fria" ranee of motion was possible 

Tin dais after oiieratiim tin intient w es uiioiiraci 1 to i irn the iitnmiti throiich a full rinc of 
lotion Eight wiH-k.s after oi« nition complete and p iinli — motion h id Ixa n i st dihshial, and tl.i ji Uu at 
I'turnid to work. 

• Reid at the .\nnii d Mia ting of The \nit ni m Orthoji u hi .As-o iition. Hot .Spnncs. \ irgini i Iiini 
27, 1017 
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Fig. 1 


Micioscopic o\amination sliowcd vascularization of the tendon and injection with lymphocytes and, 
leukocytes (Fig. 1). '/ 


Operation disclosed adliesions, both ivithin the joint and about the tendon of the 
long head of the biceps. Those adhesions involving the tendon interfered with the free 
play of the tendon within its groove, thus interrupting mechanically the function of the 
joint. Previous experience indicated that simple division of the adhesions about the tendon 
is inadequate, because of the rapidity of their reformation. Resection of the proximal 
portion of the tendon completel}'- prohibits any possibility of interference of joint action by 
buckling of the tendon, and fixation of the distal portion in the line of its axial pull avoids 
the tissue distortion responsible for the recurrence of pain. Restoration of function and the 
loss of symptoms in this case were e.xtremely rapid; the authors do not believe that such 
complete recovery could have taken place in the short space of eight weeks without 
operation. 

Scapulohumeral periarthritis was described as early as 1872 bj'^ Duplay, who recorded 
the presence of adhesions within the subacromial bursa. The observations of this authoi' 
were centered on the bursa to the neglect of a frequentty accompanjdng peritendinitis, 
involving the long head of the biceps muscle. In consequence, he failed to appreciate the 


significance of pathological changes about this tendon in contributing to the disabilit 3 ^ ^ 
Since D^/pla 5 "’s report, greater consideration has been given to the effects of loss of the 
gliding space about the musculotendinous cuff in the production of the frozen shouldei' 
than tq the significant role of peritendinitis about the long head of the biceps muscle in 
producing a veiy large part of the functional difficulty. 

In 1932, however, Pasteui' recognized that peritendinitis affecting the long head wa^ 


a cause of pain over the bicipital groove and was responsible for the limitation of motion 


at the shoulder joint. The reports of Me 3 mr, Gilcreest, Schrager, Lippmann, hloseley, and 


Tars 3 " have made the nature of these lesions more widely known. Lippmann clearb’’ demon- 
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trated the role of the tenosjHiovitis, bj' operation on thirty-two patients inth frozen 
houlder. In two of these cases he drew attention to the presence of adhesions in'thin the 
ubacromial bursa. On the other hand, Neviaser found capsular adhesions in ten such 
ases, but did not explore the tendon. iNIej'er has greath' extended our knowledge of the 
)athologj’’ of the subject bj^ draiidng attention to the more advanced stages of attrition 
rhich accompanj' excessive functional use. With the e.xception of ;Me3'er, none of these 
enters has been able to advance a satisfactoiy etiological explanation for his findings. 

C.\SE 2 . In a male iron worker, twentj’-five 3-cars old, acute burning pain developed in the right shoulder, 
ollowing a straight downward pull. Following this initial strain, an uncomfortable snapping could be rc- 
uoduced 63- rotation of the humerus in a slightb' abducted position. Firm pressure over the bicipital groove 
could prevent the snapping. The extremes of motion were painful, and there was tenderness over the bicipital 
;rooa'e. Roentgenograms showed a shallow bicipital groove in each shoulder. Xo other bone abnormalit3- 
:ould bo seen. 

Because of the discomfort and snapping in his shoulder, an operation was performed eight weeks after 
he injur3-. Xo abnormalities of the tendinous cuff or subacromial bursa were found. -As a result of a shallow 
groove with a vor3- lax roof, the tendon of the long head of the biceps could become dislocated inward onto 
he lesser tuberosit3'. 

After the lateral half of the floor of the bicipital groove had been hfted and the tendon beneath it had 
Ijcen sutured, the tendon of the long head of the biceps was fixed into the bicipital groove. The itortion above 
the transverse humeral ligament was resected. The patient made an uneventful rccoverv and returned to 
ivork eight weeks after his operation. 

It is significant that this man was operated upon shortlj- after his initial injiny. The 
shallow bicipital groove was present in each shoulder and was a contributing cause to the 
dislocation of the biceps tendon; it was not a result of changes produced b\' his injuiy. 

Abbott and Saunders have recognized both recurrent dislocations without trauma and 
acute traumatic dislocation of the tendon. In discussing the anatomical factor.^ favoring 
these dislocations, they draw attention to the var3-ing relationship of the tendon to the 
groove in different positions of the extremit3’. Bera, in 1910, stated that malformation or 
\ocalized osteitis reduced the height of the lesser tuberosit3' and was of prime importance 
in the occurrence of dislocation of the tendon. A similar view was propounded 133- Horwitz. 
who observed fra3fing of the tendon in association with such bony changes. On the other 
hand, Me3'er noted man3- e.xamples of spontaneous dislocation of the tendon in the ab.«encc 
of arthritis or anatomical abnormalit3’ about the tubercles, which led him to conclude that 
dislocation and severance of the tendon constituted a common outcome of the ever3-da3' 
wear and tear of use. Among other factors, he drew special attention to the significance of 
the supratubercular ridge in facilitating dislocation, but made no observation on the 
variations in depth of the groove. 

Case 3 . V. M., a male, aged si.xt3--oiie, liad wrenclied bis loft arm two 3-oars before, wliile opening the 
turtloback of a car. He had severe pain in the front of his left upper arm at the time. Tliis became less severe 
after the application of local heat, but sudden movements of the left shoulder caused .severe jiain in the shoul- 
der. Finaiy the pain became continuous. 

Examination showed pain with sudden movements of the shoulder, and tenderness over the bicipital 
groove. Anteroposterior roentgenograms revealed no bone abnormalities. Unfortunateb-, no film<; acre take.a 
to show the groove. 

.At operation the onb- pathological findings were about the biceps tendon. The bicipital groove ua-- ver3- 
flat. The tendon was dislocated inward from the bicipital groove, and was impaled on a .-har|j bonv sjtur 
which projected from the le.sscr tubcrosit3-. A\^th movement of the '•lioulder, this spur fr;iv{-d the tendon. 
The tendon was more than half cut through bv it. There w:us a ver3- loo-e fibrou- ■-ling about the tendon, 
which permitted it to lie in the abnormal position in wliich it was found. 

The biceps tendon was fixed in the bicipital groove. The portion above the gro-rve w.l- rc'crte 1 . and the 
''spur on the lesser tuberosit v was removed with an osteotome. 

The patient made an uneventful recoverx- and returned to work, with a full r:inge of iitiide-- motion, 
eight weeks after the operation. 

CxsK-l. Xine months before, . 1 . U. had fallen five feet and liad struck on the [X'int of the flewd h f; i llxiw 
Following this he w.as unable to raise his left arm. .Attempts to move the slniulder p i— ivelv uer.- p-dnful 
There was tenderness to pre.ssure over the bieifiital groove. Hoentgenogmin' wen- negitr.-,- 


voi. .xo-x. xo. :. Arnii. tots 
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At operation it was found that the long licad of the bice|)s tendon had l)een di.slocated inward over tin 
lesser tuberosity from a normal-appearing groove. There was no fascial .sling about the tendon, such as i 
seen with a recurrently dislocating tendon and shallow groove. There was an exostosis over the greater tubei 
osity, and adhesions between this and the deltoid muscle. The tendon was fi.ved in the groove, and the portior 
proximal to the transverse humeral ligament was resected. The exostosis and adhesions were resected. Nc 
further joint adhesions were felt, to give when the arm was put through a full range of motion. Motion was 
begun ten days after oi)cration. A full i-ange of painless motion was possible in six weeks. 

This represents a forceful dislocation of the long head of the biceps tendon, with 
trauma and adhesions to the greater tuberosity of the humerus. 

ANATOMICAL OBSERVATIONS 

In order to determine the incidence of the supratubercular ridge and variations in the 
depth of the intertubercular groove, as well as their significance in producing lesions in- 
volving the biceps tendon, 100 humeri were examined. 

The Su'pratubercidar Ridge of Meyer 

The supratubercular ridge is a ridge of bone, projecting immediately proximal to 
the medial wall of the bicipital groove and continuous with it. The biceps tendon is limited 
bj'^ this structure from slipping inward and is forced upward against the transverse humeral 
ligament, thus favoring dislocation. Mejmr reported that, in an unpublished stiidj'- made b^'- 
Cilley, this ridge was present in 17.5 per cent, of 200 humeri. In the present series it was 
found to be markedly developed in 8 per cent, of the humeri and moderately developed in 
59 per cent. (Fig. 2). The relatively greater incidence in this series is accounted for by the 
fact that Meyer’s report included only those meeting an exact anatomical configuration. 
We have, however, included all ridges which we judged were high enough to force the 
biceps tendon against the roof of the groove and thus cause trauma to the tendon. The 
fact that pressure against the fibrous roof and inflammatory changes have actually oc- 
curred from its presence is proved b}’’ the finding of a spur on the lesser tuberositj’’ in iji 
per cent, of the humeri of our series which showed a supratubercular ridge. On the oilier 
hand, in the absence of a supratubercular ridge, in only 3 per cent, of the humeri were 
spurs demonstrable on the lesser tuberosity (Fig. 2). Humeri showing any other hyper- 
trophic changes are excluded from these percentages. 

V aviations in the Depth of the Groove 

A marked variation in the depth of the bicipital groove exists, which is most con- 
veniently expressed as the angle of the medial wall of the groove (Fig. 3). In 8 per cent, of 
the humeri, the medial walls of the groove made an angle of less than 45 degrees; this 
establishes a close correlation with Meyer’s finding that 8 per cent, of biceps tendons were 
dislocated in a fascial sling from a shallow groove. 

Comparative Anatomy of the Biceps Groove 

Man is unique among the Primates in presenting marked variations in the conforma- 
tion of the bicipital groove. The angle of the medial wall is identical in all specimens in the 
gorilla (22), chimpanzee (38), gibbon (28), and orangutan (18). The orangutan, which is an 
active climber, has the shallowest groove, with a medial-wall angle of 60 degrees. Supra-^ 
tubercular ridges are common in all of these species (Fig. 3). j 

Functional Anatomy 

Contrary to what is often superficially thought, it is not the tendon which slides in the 
groove, but the humerus which moves on the fixed tendon during motions at the shotdder. 
From adduction to complete elevation of the arm, a given point in the groove moves along 
the tendon for a distance of at least one and one-half inches. In order to facilitate such 
motion, a synovial pouch extends from the shoulder joint to line the intertubercular groove 
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for the greater part of its extent. Below this bnrsa, the tendon glides through its peritendin- 
eum. 

Motion of the humerus on the tendon occurs in all movements of elevation at the 
shoulder, u-bethei- elevation be accomplished through the pathway of fonvard dexion oi' 
abduction. As these movements are nearly always associated with strong flexion and 
supination at the elbow, the long head of the biceps is rendered exceedingly taut. If, 
at the same time, the arm is medially rotated at the shoulder, the tendon plays on the 
medial wall of its groove and the lesser tubercle acts as a trochlea or pulley. On the other 
hand, when the arm is in full lateral rotation, the tendon occupies the floor of the groove, 
and its more proximal portion e.xercises pressure on the head of the humerus. Therefore, it 
is in lateral rotation onlj^ that the long head acts directly on the shoulder joint and en- 
hances somewhat the power of abduction at this joint. 


The Role of Oedema or Adhesions in Causing Pain 

If, during motion, the tendon of the long head of the biceps is involved by adhesions, 
not only is the upward thrust of the humerus hindered, with consequent limitation of 
motion, but the pull is transferred to the adhesions and through them to the veiy sensitive 
sui'rounding tissues, such as the periosteum and fasciae. The pain is due in large measure 
to the effects of stretching the surrounding adhesions. 
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Anatomical Factors Responsible for Vxilnerability of the Tendon 
V Neither the supratubercular ridge nor a shallow bicipital groove can cause injury 
10 the biceps tendon, unless the tendon is forced against the lesser tubercle and medial 
wall of the groove. As has been pointed out, the tendon is commonly brought into rela- 
tionship with this wall, as we habituallj' use the extremity in various degrees of medial 
rotation during elevation. A number of phylogenetic factors have been responsible in 
man for the gradual displacement of the tendon in the medial direction (Fig. 4). These 
factors are; 

1. Anteroposterior flattening of the thorax, which leads to dorsal rotation of the 
scapula and lateral displacement of the glenohumeral joint. 

2. A relatively .short forearm which necessitates greater medial rotation of the 
humerus in order that the hand may reach the mid-line. 

3. The anteroposterior flattening of the thorax and the short forearm are compensated 
for, but onlv incompletelv, bv torsion of the humerus and migration of the bicipital groove 
(Fig. 5). 

!Man has been unable to adapt himself fully to the requirements of an erect posture. 
Changes in thoracic shape necessitate the lateral position of the .shoulder girdle, but 
functional demands of a prehensile extremity require its use in relationship to the ventral 
aspect of the body, thus establishing another example of conflict between function and 
structure. In the pronograde, the tendon of the long head of the biceps plays over the 
center of the hemispherical head of the humerus, to pass directly into its groove which lies 
in the same plane. The tendon is thus secure and remains a powerful force in elevation. In 
the orthograde, on the other hand, lateral migration of the shoulder girdle has. so to speak, 
left the tendon behind on the ventral aspect, in order that the muscle may continue to 
serve the function of the forearm. .\s a consequence, the groove no longer lies in the same 
plane as the center of the head, but makes an angle, according to Saunders and Inman, of 
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30 degrees to it. The tendon now occupies a very insecure position which is compensated 
for, but veiy incompletely, b}'- torsion of the humerus. Medial rotation of the humei-us, to 
permit the hand to be brought to the position of function at the mid-line, further exagger- 
ates the displacement of the tendon, which is forced to bear on the lesser tubercle and 
medial wall of its groove. Such a relationship renders the tendon in this region highl}' 
vulnerable, not onlj'- to the trauma of a single severe incident, but also to that of eveiyda 3 ’^ 
function. A supratubercular ridge and a shallow groove enhance the likelihood of injuiy. 

Relative Position of the Humerus in Vai-ious Mammals 

In Figure 4 the relative shape of the thorax and the relative position of the scapula are 
shown for the opossum, the gibbon, the gorilla, and man. After a review of these, it might 
be argued that all the humeri have been placed in the human position, and that the various 
species make greatest use of their arms in other positions. This serves merel}^ to emphasize 
the point that man habituall 3 " holds his humerus in abduction and internal rotation. Thus, 
in addition to having a poor anatomical arrangement, man’s ai’m is held and used in a 
position which produces the greatest wear on the biceps tendon and makes dislocation more 
likehx 
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DIAGXOSIS 

In the presence of a lesion affecting the long head of the biceps muscle, the most 
constant physical finding is tenderness over the tendon. Tenderness may be found an.y- 
■\vhere from the level of the tubercles and distally along the course of the tendon, or over the 
insertion of the pectoralis major, to the lateral lip of the intertubercular ridge. 

Dislocation of the tendon, complete or incomplete, may be differentiated from a 
peritendinitis by the test of Abbott and Saunders. After full abduction of the shoulder, 
the arm, -which is held in complete lateral rotation, is slowly brought down to the side 
in the plane of the scapula. A palpable or even audible, and sometimes painful, click is 
noted as the biceps tendon, now forced against the lesser tubercle, becomes dislocated 
from the groove. 

Roentgenograms are, unfortunately, of little value, except for the purpose of ex- 
cluding other types of lesions affecting the shoulder region. However, shallowness of the 
groove or the existence of a spur on the lesser tuberosity may be demonstrated in axial 
views. A supratubercular ridge can readily be seen in the usual anteroposterior film.= taken 
with the arm in external rotation; this provides pres\imptivc evidence, in the prc.=encc of 
pain and tenderness over the groove, of possible damage to the tendon. 

With a frozen, painful shoulder, failure of the condition to clear up quickly with 
manipulation and physical therapy, together with persistent tcndcrnc.«.< over the inter- 
tubercular groove, very probably means inflammation and adhesions about the bicep-= 
tendon. It should not be forgotten that peritendinitis of the long head may be associatetl 
with other lesions about the shovdder, such as rupture of the tendon of the supraspinatu«. 
hi consequence, the peritendinitis may ije overlooked, with resultant disappointment in 
the results of therapy. 


TRE.\T.Mi:.\T 

Manipulation under an anaesthetic, followed by balanced traction, ha^ been used for 
the painful frozen shoulder. Where tenderne.-^s over the bicipital groove has iieen i)re,-.cnt. 
eonvaleseenee has us\ially been long and difiicult. Fixation of the long head of the bicep'^ 
tendon to the floor of the intertid)ercular groove, in the manner to be de-cribed. greativ 
expedite- eonvale-eenee and promotes lo- of pain and rapid functional recovery. 

Where recurrent or tra\imatic dislocation of the bicep- tendon i- found, -urgerv is 
indicated. ' '' ' 
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Operative Procedure 

An S-shaped skin incision ovei- t,lio delioid-iiectoi-al interval (Fig. 6) serves to lessen 
the tendency to hyperti’ophicd scar, wliich is common when a straight incision is emploj^ed. 

Careful observation and exploration of the tendinous cuff and the subacromial bursa 
should always be made. 

Adhesions and peritendinitis of the biceps tendon arc usuallj' not seen until the tendon 
has been exposed by incision ol the capsule and ti’ansverse humeral ligament; the tendon 
may then be visualized from its origin as fai' as its point of disappearance beneath the 
tendon of the pectoralis major. After exposure of the tendon, abduction of the arm will 
demonstrate whether the humerus slides freely along the tendon or whether it is bound 
b,y adhesions under the tendon of the pectoralis major. If such adhesions are present, the 
terminal portion of the tendon will buckle with abduction. 

ith an osteotome, a bed is made in the groove b}'^ elevating a portion of the floor 
from the outside inwai'd. The tendon is roughened, and is sutured beneath this osteoperi- 
osteal flap with heav.y silk sutures (Fig. 7). The transverse humeral ligament is sewed 
down over the tendon and osteoperiosteal flap. The portion of the tendon lying above the 
transverse humeral ligament is resected. The shoulder is then put through a full range of 
motion. Veiy often, adhesions in the joint will be felt and heard to give. The wound is 
then closed without muscle sutures. 

Objections to Other Sites of Fixation of the Tendon 

Fixation to the short head of the biceps changes the course of the tendon and may 
produce pain, due to pulling on adhesions to the tendon under the pectoralis major inser- 
tion. 

Fixation to either tuberosity of the humerus produces a prominence which will cause 
pain b}^ abutting against the coraco-acromial ligament during elevation of the shoulder. 

Fixation to the pectoralis major tendon produces pain bj'' cross pull on that tendon. 

Postoperative Care 

The shoulder is kept in a Velpeau dressing for ten days; the stitches are then removed 
and the arm is put through a full range of motion, three times each week. Care is taken to 
avoid strain on the long head of the biceps tendon. At the end of six weeks the tendon 
should be well healed in its groove. The authors’ experience in the treatment of lesions of 
the long head of the biceps muscle, according to the manner outlined, has been most 
gratifying. Loss of pain and the rapid return of function have been characteristic. The only 
residual disability is a slight loss in the power of abduction when the arm is in lateral 
rotation, — a loss which is scarcely appreciable to the patient and causes little incon- 
venience. 

CONCLUSIONS 

1. Lesions of the biceps tendon may be a cause of painful shoulder. 

2. The normal anatomical mechanics of the biceps tendon are faulty. A supra- 
tubercular ridge or flat bicipital groove increases the mechanical difficulties. 

3. An operation to fix the tendon in the bicipital groove and to remove that portion 
of the tendon above the groove relieves the sj^mptoms caused bj'' it and does not materially 
weaken the shoulder. 

Note : The authors wish to thank Dr. John B. deC. M. Saunders, Professor of Anatomy at the University 
of California Medical School, for his help and advice, and for permission to study the humeri of the skeletons 
in the Anatom}'' Department of the University of California. Thanks are also due to the Department of 
Osteology at The Chicago Natural History Museum, for permitting a study of their primate humeri. 
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DISCUSSION ' 

Dr. j. Albert Key, St. Louis, Missouri; This is a very interesting exposition of the anatomy and 
pathology of the long head of the biceps. I see shoulders nith pain and tenderness over the biceps tendon and 
bicipital groove and treat them conservatively as bursitis, unless the condition is verj^ acute or calcium 
accumulations are present. In such cases we remove most of the calcium, and expect relief. I believe that some 
my failures, especially in the cases of longer duration, are due to neglect of the biceps tendon. 

In the future I shall examine this tendon when I operate upon a frozen shoulder, shall perform the pro4 
ceduic outlined in this paper, and' believe that mj- results will be better. However, in some of these frozen 
shoulders, the entire joint is involved. In two cases which I inspected after manipulation, the inferior portion 
of the capsule wa.s torn cither across or awaj' from the glenoid. Apparentlj’ this does not do anj' great harm. 
The shoulder has great regeneiative powers, as anj'one knows who has treated conservativelj’' the so-callcd 
team of the supraspinatus. I have not sutured a supraspinatus tendon in twelve j'ears, and I do not think I 
have had a shoulder that has been perraanentlj- disabled because I failed to suture the supraspinatus. Most 
of them get well in a few weeks if we leave them alone. As to the biceps tendon, I have not found a case that 
I could diagnose as slipping of the biceps, and conscquentlj- 1 have not operated. I believe tliat this paper will 
help me to diagnose the cases of painful tenosynovitis of the long head of the biceps which I have treated as 
chi onic subdeltoid bursitis. 

Du. Robert W. Johnson, Bxltimore, M.arylvnd; I want to compliment the authors on the presenta- 
tion tlicj' have given of a lesion whieh I must have overlooked. I am not familiar with it. 1 wish Dr. Bennett 
«cie hero, because he has had considerable experience nith ballplaj-ers, in whom tendon lesions of the shoul- 
der aie common. The biceps tendinitis is another pathological entitj'. As pointed out, it should not be conftiscii 
with supraspinatus tears or bureal injuries. From this report, the operative procedure seems to be simple. 

Since four cases were presented, I would like to a.sk the autliors whether these four comprise their 
series, or nhethcr these cases were selected to bring out a point. I think they selected four cases which differ 
yfiom one another, in older to give us some idea of the picture. 

/ Dr Cii \ules O. Beciitol (closing); It is true that mosi p.unful shoulders recover if given enough time. 
However, ne feel that, in those cases of biceps peritendinitis whore the patients do not recover promptlv 
after conservative tmatinent, a mu-h more rapid rccovcrj- with less economic lo=s can be offered bv fastening 
the tendon into the groove. Ottr results in tneiity-six such cases have been most satisfactorj-. 
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CONGENITAL PSEUDARTHROSIS 

Follow-up Study after Massive Bone-Grafting 

BY HAROLD B. BOYD, M.D., AND KERMIT W. FOX, M.D., MEMPHIS, TENNESSEE 

From the Campbell Clinic, Memphis 

In 1041, ti report was made as to the treatment of congenital pseudarthrosis b}' 
massive grafts, and a technique of dual bone-grafting was described b It is the purpose of 
this paper to present a follow-up study of the cases reported at that time, and to add three 
additional cases of congenital pseudarthrosis of the tibia, treated with dual bone grafts. 

In the 1941 report, bonj’’ union occurred in each patient who was treated with a 
massive bone graft. This resulted in an initial optimism which the subsequent findings do 
not substantiate. It has been found that refracture is prone to occur after bony union and 
that, when such a refi'acture does occur, the fracture site quickl}'- reverts to a condition 
similar to that seen in the original pseudarthrosis. Union following a refracture is appar- 
ently as difficult to obtain as in the original non-union, with the exception that the patient 
is older and it is the consensus that, the older the child, the better the prognosis. The 
cause of the rapid absorption of bone about the fracture site following refracture is not 
known. In the patients reoperated upon for fractures following union, the tissue has been 
carefully examined for neurofibromata and none have been found. 

In one of the case reports to be presented here, an "insufficiency” or so-called "march 
fracture” developed gradually at the original site of non-union, several years after bony 
union had occurred. The gradually developing "fracture” differed from a march fracture 
in that no callus developed about the fracture site. The insufficiency fracture weakened the 
bone to the extent that a minor trauma, even while the patient was wearing a brace, pr.^- 
duced a complete fracture of the tibia. 

Since refracture is prevalent, it is essential that adequate bracing be carried out 
following the bone graft until a new, well-developed medullary canal has formed across 
the fracture site, and until the tibia has reached sufficient size and strength to compare 
favorably with the normal one. This will usually require the use of a brace until the child 
is past pubert 3 q which in actual practice means a period of from five to twelve j^ears. It 
is the authors’ opinion that the surgeon should watch for evidence of an earl}'- march 
fracture, recurrent sclerosis about the old fracture site, or narrowing of a previously re- 
formed medullary canal. In the presence of one of these findings, or a combination, an 
operation to reinforce the area of former pseudarthrosis with supplementary grafts may 
be indicated before complete refracture of the tibia has had time to occur. This has not 
been done in any of our cases, but we believe that it may be an advisable procedure. 

The first four case reports bring the original cases, reported in 1941, up to date. The 
last three cases are new. 


CASE REPORTS 

C.\SE 1 (Campbell Clinic No. 15366). S. A., a white girl, was first seen on July 6, 1925, at the age of 
twcnt 3 '-seven months. Anterior bowing of the leg was noticed during infancy, and fracture of the right tibia 
was first discovered at the age of fifteen months. The patient was placed in a cast for four weeks and in a 
brace for six months. The anterior and lateral bowing of the lower half of the tibia and fibula gradually 
increa.sed. On admission, pseudarthrosis was demonstrated clinicallj' and roentgenographicalb' (Fig. 1-A). 
In addition to the pseudarthrosis of the tibia, a defect in the fibula was present. The history and roentgeno- 
graphic findings indicated that the pseudarthrosis was probabb' secondary' to a bone cj-st. 

* Head at the Annual Meeting of The American Orthopaedic A.ssociation, Hot Springs, Virginia, June 
29, 1947. 
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Fig. 1-A 


Fig. 1-B 


Fig. 1-C 
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Fig. l-.\: .Appearance of congenital pseudarthrosis before 
operation in a girl, twenty-seven months old. 

Fig. 1-B: -Appearance of the graft, one month and eleven 
days after operation. 

Fig. 1-C: Appearance of the tibia, one year and three 
months after operation. Note that a small medullarj- 
canal has been re-established. 

Fig. 1-D: Appearance of the tibia and fibula, twenty- 
two years after operation. 

On July 10, 1925, a massive onlay bone graft was done by 
Dr. Willis C. Campbell, who used a tibial graft from the 
mother. Circular wire loops were used to fix the transplant to 
the tibia. Cancellous bone was packed about the fracture site. 

y Roentgenopams, taken on August 21, showed the bone 
graft in place (Fig. 1-B). More than a year later, on October 9, 
1926, roentgenograms (Fig. 1-C) showed solid union, nith a 
medullarj' canal being re-established. 

Valgus of 30 degrees of the right ankle and 25 degrees of 
the left ankle was present on Maj’ 20, 1937 (the valgus of the 
left ankle was due to congenital pseudarthrosis in the lower 
end of the left fibula). A supramalleolar osteotomj-, to correct 
the valgus of the right ankle, was carried out on Februarj- 22, 
19.38. A similar operation was done on September 27, 1938, 
to correct the valgus deformitj- of the left ankle. Both osteot- 
omies healed nomiallj’. 

The patient was last seen on Jfarch 25, 1917, twenty- 
tan j-ears after the bone-grafting. She had no comidaints 
relative to the pseudarthro-is. Figure 1-D shows the condition 



Fig. 1-D 


of the tibia on this date. Both legs were of equal length. There w.as approximatelj- 20 degrees of valgu- in 
both ankle-, multiple cafe-au-Iait spots, and two small subcutaneous masses, probablj- neurofibromata. The 
patient i- a graduate nurse, -he i- married, has a child, and Ls doing her own hou-ework. 


Cisi: 2 (Campbell Clinic Xo. J103G). If. L., a white Imj-, wa- first .-een on May 25, 1937, at the age of 
two and one-half vear-. Fal-e motion and angulation of the lower third of the right tibia and fibula witc 
' iire-cnt at birth. One o[XTation for correction of the deformitj' had Iieen done at the age of nine month-. 
On adnii«-ion, there was anterior bowing of the leg, with fnv motion at the fracture -ite. .Many i-afi'-au-lait 
-llots were pre-ent. KiH'ntgenognims showed p-eudartlirosU of the tibia and fibula, with taix'ring end- and 
overiiding of the bone fnigment-. 

On.hme21, 1937, the tendoachilhswa- lengt hemal and llallock’- ojx'ration = wa- }>erforn«Yl. The multi- 
ple chip- u-ed were obtaineil from the ilium of the mother. 

.3 year later, on July 25, 19.38, nx-nlgenognim- -howial ab-orjition of ehip graft-. Clinicallv, motion wa- 
pn-eiit at the -ite of the p-eiidarthro-i-. 

.\ tita-sive onlay graft wa- done on March 2, 1939. tibial Ixme from the mother wa- u-etl, and i-.ima.llon- 
bone wa- packial about the fmeture -ite. Roentgenogram-, taken on Novi'mls-r l!l3'k re\aei!'-i Ixuiv 
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union at the fracture site, but there was still a tendency toward hcmi-hourglass constriction, and the medu' 
lary canal had not reformed. 

On September 26, 1940, roentgenograms sliowcd evidence of a reforming medullary canal. A constrictioi 
was present at the fracture site. There was one incli of shortening of the affected c.xtremity. On Maj" 24, 
1944, roentgenograms showed an apparent sliglit increase in sclerosis and narroAving of the medullary canal 
in the region of the old fracture site. 

On October 24, 1944, the boy fell from a meny-go-round and sustained a fracture of the tibia at the 
original site of the congenital pscudarthrosis. For the previous two and one-lialf years, against medical ad- 
vice, the patient had walked, run, and played without using a brace. 

Roentgenograms, two and one-half months after refracture (Januaiy 16, 1945) showed definite absorp- 
tion of the bone ends, despite continuous immobilization in a cast. 

A dual bone graft was performed on June 4, 1945, by Dr. R. A. Knight, the opjrosite tibia being used as 
a donor site. Incomplete union Avas present on Februaiy 18, 1946. 

By March 12, 1947, there Avas only one-quarter of an inch of shortening of the affected extremity. 
HoAvever, actual tibial shortening Avas three-quartei'S of an incli; a longer femur compensated for some of 
the tibial shortening. The boy AA’as still AA’caring a brace. Roentgenograms shoAA'ed solid bonj'^ union. 

Case 3 (Campbell Clinie No. 46921). W. J. W., a AA'hite girl, was first seen on July 19, 1939, at the age 
of five years. Fracture in the middle third of tlie left tibia had been present at birth. A bone graft, the fibula 
from the other leg being used, had been done at the age of one year. This AA'as followed by cast immobiliza- 
tion for three years. On admission, there aa'ES anterior and medial boAA’ing of the tibia and definite non-union, 
both clinically and roentgenographically. The left loAver extremit}' Avas three-eighths of an inch shorter than 
the right. 

Three days later, on July 22, dual bone grafts AA'erc applied, tibial bone fiom tlie fathei- being used. 
Cancellous bone Avas packed about the fracture site and betAveen the grafts. The scrcAA’s Averc removed on 
December 27, 1940. Fifteen degrees of valgus of the ankle Avas present. The affected leg Avas three-eighths of 
an inch longer than the normal one. Roentgenograms shoAved bony union. 

The patient was transferred from the authors’ care. HoAA'ever, I'oentgenogiams, taken olseAA’here on 
October 3, 1941, shoAved union, but the tibia Avas still slender. 

On February 20, 1942, roentgenograms, taken elseAvheie, shoAved bon}" union Avith re-cstablishmcnt of 
tlie medullary canal. The bone gradually became hypertrophied AAith use, but the tibia AA’as still slendci'. 
This patient has moved to another section of the country and efforts to trace her since 1942 have failedi 

Case 4 (Campbell Clinic No. 35657). R. L. D., a AA-hite boy, AA’as first seen on March 25, 1935, at tl/c 
age of three years. From the history, it AA’as learned that the loAver extremities had been apparentl}" normal 
at birth. As the child grcAA', his parents noted a gradual anterior and lateral boAA’ing of the left tibia. 'With 
increase in the deformity, a limp developed. 

Four days before admission, Avhile Avallcing, the patient turned his ankle and noticed immediate pain in 
the loAver third of the leg. After this, he refused to boar AA’cight on the limb. Roentgenograms revealed a 
fracture at the juncture of the middle and loAA’er thirds of the tibia, through a bone cyst. A large cystic area 
Avas also evident in the upper third of the tibia. 

For the next four years, the leg Avas intermittently immobilized in plaster and supported by a brace, 
but non-union persisted. Roentgenograms, taken on September 20, 1939, shoAA’cd a minimal amount of callus 
at the fracture site, AA’ith a marked increase in anterior tibial angulation. The bone cyst in the upper third of 
the tibia AA’as decreasing markedly in size (Fig. 2-A). 

A dual onlay bone graft was applied on September 23, 1939, tibial grafts from the mother being used. 
Roentgenograms, taken on January 26, 1940, shoAved beginning union of the grafts and obliteration of the 
fracture site. The alignment Avas satisfactory (Fig. 2-B). 

By August 14, 1940, the leg Avas clinically solid. It had been immobilized in a cast for six months after 
ojAcration and then supported by a brace. Roentgenograms shoAved that the screAvs had been removed; 
good bony alignment AA’as present; the fracture line had been obliterated; and a good medullary canal had 
reappeared. The affected leg AA'as one-half inch longer than the normal one. 

The patient aaoic a brace for three years after operation. When seen on July 14, 1943, the foot ota the 
affected leg was one inch shorter than the foot on the sound side. Roentgenograms disclo.scd no changes,^ 
except that the cyst had nearly disappeared. , 

When last seen on January 22, 1947, seA'en 3 'ears and four months after the dual bone-giafting, the 
patient AA’as carryiiAg out normal activities for his age; the affected low’er extremity Avas three-fourths ol an 
inch longer than the sound one. A calcaneovalgus deformity of the left foot AA-as piesent, associated AA’ith mod- 
erate cavus. Cafe-au-lait spots Avere noted on the abdomen and buttocks. Roentgetiograms shoAA’cd a .sound 
tibia (Fig. 2-C). 

C.ASK 5 (Campbell Clinic No. 41224). J. E., a AA’hite boy, struck his left leg against a table and j)re.suin- 
ably sustained a fracture at thirteen months of age. HoAA’CA'er, the leg AA’as thought to have been “crooked' 
before the fracture. The limb wa.s immobilized in a cast for eight month.s, after AA’hich braces AA-ere used. He 
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IS first brought to the Clinic for treatment at the age of five years. At this time the pseudarthrosis was .«till 
csent and roentgenograms (Fig. 3-.A) showed the non-union ndth marked narrowing and overriding of the 
me ends. 

On September 15, 1941, a dual hone graft was applied, tibial bone from the foster father being used, 
gurc 3-B showed the dual graft, three weeks after the operation. Cast immobilization was continued for 
•e and one-half months, after which a brace was used. 

By December 1, 1941, the leg was clinically solid. Weight-bearing in the brace was started on March 21, 
142. Roentgenograms showed obliteration of the fracture line and union of the grafts to both tibial frag- 
ents, particularly the proximal one. On July 2, 1942, the screws were removed. Roentgenograms (Fig. 3-C) 
owed complete union of the dual grafts to the tibial fragments, and obliteration of the fracture line. Moder- 
e anterior angulation was present. 

Roentgenograms, taken on August 26, 1943, showed a fairly well-developed medullary canal. The 
iterior bowing and ankle valgus had increased somewhat. The affected extremity was three-quarters of an 
ich shorter than the normal, but the femur on the affected side was longer. 

When seen on July 28, 1944, the patient was continuing normal actixities in a brace, xrithout difficulty, 
oontgenograms continued to show a good medullary canal (Fig. 3-D). 

Serial roentgenograms, beginning on February 10, 1945, showed the progressive development of an 
insufficiency” type of fracture, without callus formation about the advancing osseoa^ defect (Figs. 3-E 
trough 3-1). .An associated sclerosis of the bone appeared about the site of the former pseudarthrosis, ndth 
■adual filling in and narrowing of the medullary canal. .A complete fracture occurred as the result of a tnis- 
ep, while the patient was going domi steps on -August 14, 1946, approximately five years after the bone- 
rafting (Fig. 3-J). Fc was wearing a brace at the time the fracture occurred. 

.A below-the-knee amputation was performed on September 2, 1946. .At that time the affected tibia was 
ne and one-half inches shorter than the sotmd one. Roentgenograms of the specimen (Fig. 3-K) showed 
larked absorption of bone about the fracture site; this developed in a period of nineteen days, during which 
le leg was immobilized in plaster. .At the present time, the patient is walking well with a prosthesis. 


Case 6 (Campbell Clinic No. 58879). R. K., a white boy, was first seen on March 2, 1943, at the age of 
3ven and one-half years. Anterior boning of the right leg had been noted at birth. .A roentgenogram, taken on 
.'ovember 20, 1935, showed increased tibial and fibular boning: the diameters of the bones remained normal. 

Roentgenograms on .April 27, 1936, showed a completely fractured fibula with absorption of bone ends, 
decrease in the medullaty canal of the tibia, and increasing seleroris. 

)n Februaiy 12, 1937, roentgenograms rex’ealed complete oblitera- 
ion of the medullaiy canal in the tibia, with increased sclerosis at 
he site of angulation. Casts were used for intermittent inunobilization 
rom the age of eight months until two years, at which time a cor- 
cctive osteotomy of the tibia was done. Roentgenograms taken on 
uly 29, 1938, and September 18, 1939, showed persistent tibia! and 
[bular non-union. 
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Fig. 2-C 


Fig. 2-B 

•.A; .Appearance of the pscudarthro'i* before operation. 

B; .Appearance of the tibia four month- after dual bone-gr.ifting. 

•C: .Appearance of the tibia ceven years and four months after dual iKinc-grafting 
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Wlioii tlie boy was four and one-half j^ears of age, an inlay graft was done with the use of bone from 
the sound tibia. Union did not occur. The leg was supported in a brace until the time of admission to the 
Clinic. On admission, the pscudarthrosis was evident from clinical and roentgenographic e.vamlnation. The 
affected c.xtremity was two and one-half inches shorter than the sound one. Many cafe-au-lait spots were 
noted and one tumor (probably a neurofibroma), mea.su 2 -ing 1.5 centimetez’s in diameter, was present on the 
sole of the left foot. 

On March 3, 1943, the da 3 " after admission, a dual bone graft was applied; tibial bone from the 
mother was used. Roentgenograms, taken on April 14, showed the graft in place. Cast immobilization was 
discontinued on June 4, and a brace was applied. The fraeture was clinically solid. On September 11, roent- 
genograms showed union of the gi-afts to both tibial fi-agments. Six daj^s later, on September 17, pain de- 
veloped in the leg while the boj”^ was walking with a brace. Roentgenograms revealed an incomplete fracture 
of the tibia, along the course of the proximal sci-ew in the distal fragment. The child was extremefy active, 
but no definite trauma was recalled. B 3 " October 13, rapid absorption of the bone ends was evident, even 
though the leg was immobilized in a cast. Roentgenograms, taken on December 31, showed further increase 
in the absmption about the fractui'e site, with nari’owing of the bone ends. 

With the use of tibial and fibular bone from the father, dual gi-afting was performed on Januaiy 4, 1944; 
a tibial graft was used posteriorl 3 " and a step-cut fibular graft antcriorl 3 y reinforced by two short cortical 
fibular grafts laterall 3 ^ Cancellous bone was used to pack around the fracture site. At operation, a fracture 
occurred through the osteoporotic tibia, just above the ankle at the lower level of the grafts. On October 16, 
roentgenograms showed union of the grafts to both tibial fragments, with fairly complete obliteration of the 
fracture line. The supramalleolar fracture had united, with anterior angulation. 

The patient has not been seen since October 1944, but, through the courtesy of Dr. Leo Mayer, his 
brace immobilization has been continued and reports of periodic follow-up roentgenograms have been re- 
ceived. On November 14, 1944, sclerosis at the old fracture site was decreasing. A medullaiy canal was just 
beginning to reform. Roentgenograms, taken on October 3, 1945, revealed re-establishment of the medullary 
canal. The diameter of the tibia was definitely wider at the site of former pscudarthrosis. On December 3, 
1946, no definite change in the roentgenograms was noted, except for gradual lessening of the anterior tibial 
angulation. 

Case 7 (Campbell Clinic No. 62253). V. L. S., a white girl, was first seen on February 2 , 1944, at the age 
of eight years. From roentgenograms which were brought in and from her histoiy, the following information 
was obtained; A deformity of the right leg had been noticed since nine months of age, and had been treated 
intermittently Ijy casts and braces. Roentgenogi-ams taken on December 22, 1937, showed a double fracture ' 
of the tibia and a single fracture of the fibula at the juncture of the middle and lower thirds. Roentgenograms^ 
taken on February 1, 1943, showed marked posteromedial angulation of the leg, with narrowing and tapei-iffg 
of the bone ends. On first admission, there was clinical evidence of non-union with a marked valgus deformity 
of the lower third of the leg. One questionable cafe-au-lait spot was present on the chest. 

A dual bone graft was done on February 8 , 1944, paternal fibula being used. Bone chips were packed 
about the fracture site. Roentgenograms on September 5 showed union of the grafts to the proximal and distal 
tibial fragments. The fracture line was still present- 

In spite of continued cast immobilization, absorption had occuri-ed at the fracture site by November 
24, 1945, with recurrence of the deformity. Two da 3 's later, on November 26, a second dual bone graft was 
performed by Dr. R. A. Knight, bone from the opposite tibia being used. The patient was still wearing a cast 
on June 1, 1946, when she was transferred from our care. 

Roentgenograms taken elsewhere on October 19, 1946, showed union, but the medullary canal had not 
been ic-established. On May 16, 1947, roentgenograms showed bony union with amalgamation of the grafts 
with th(' tibia. The diameter of the tibia was definitely increased. 

DISCUSSION OF UNSUCCESSFUL CASES AFTER THE INITIAL MASSIVE GRAFT 

Of the seven cases reported in tliis paper, four patients required subsequent operative 
procedures after the initial massi3^e bone graft. 

Case 2. E.xcellent union occurred, but factors predisposing to refracture were an 
abnormal cutA-e in the tibia, sclerosis about the site of the former pseudarthrosis tvith 
narrowing of the medullaiy canal, and a tibia smaller than normal. This patient, against 
medical advice, had been carrying out noi'mal activities for a boy of his age for two years, 
without support. The fracture resulted from definite trauma,- he fell from a merr 3 "-go- 
round. This fracture probablj" would not have occurred had the extremity been supported 
adequately. This emphasizes the fact that these patients should wear a brace until pub- 
erty, or until the size and texture of the tibia are essentiallj" the .same as on the sound side. 
Satisfactory union was obtained after a .second graft was applied. 
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Case 5. Following the original dual bone gi'aft, bom' union occurred and a medullary 
canal was re'Cstablisbed. Subsequently, an insufiicienc3 fiactuie developed, beginning 
on the posterior aspect of the tibia at the site of the original non-union. This was con- 
verted into a complete fracture by a minor trauma, occurring while the patient was wear- 
ing a brace. Following the fracture, the problem was thoroughly discussed with the 
parents. After taking into consideration the shortening, the calcaneovalgus position of the 
foot, the possibility of failure or refracture following a second graft, and the function of an 
artificial limb as compared with that which could be expected from the extremity after a 
successful second graft, the parents preferred an amputation. 

Case 6. In this patient, bony union occurred after the first dual bone gi'aft. A crack 
developed along the upper screw in the distal fragment. Rapid absorption of the sclerotic 
bone in this area occurred. This child was obese and the thighs were unusually large in 
comparison with the legs, making cast immobilization difficult. With these factors in mind 
and in view of the possibility of failure of a second graft, amputation was suggested to the 
parents. Thejq however, preferred a second bone graft; this was done and to date has 
proved successful. 

Case 7. The pseudarthrosis failed to progress to union after the original dual bone 
graft. In this case, a split fibular graft, taken from the father, was used. This material pos- 
sibly is inferior for grafting, as compared rnth tibial grafts. It was taken in the desire to 
spare the tibia of the donor, as the father was a farmer and needed to return to his plowing 
at an early date. Union followed the second dual graft, in which autogenous tibial grafts 
were used. 


DISCUSSION OF SUCCESSFUL CASES AFTER THE INITIAL iL\SSIVE GRAFT 

Case 1. This patient has a successful result twentj'-two years after a massive onlay 
graft, performed at the age of twenty-seven months. No shortening has developed in the 
extremity. This case illustrates the advantage of early grafting. 

Case 3. When last heard from, this patient had bony union and a meduUarj’ canal 
had been re-established. The tibia is still small and refracture maj' easih' occur, if ade- 
quate bracing is not maintained. 

Case 4. This patient obtained solid union after the first dual bone graft, and has not 
worn a brace for two years. However, he is an exception to the rule, as the fracture occurred 
through a bone cyst. The ends of the bone were not tapered, and a tibia of approximately 
normal size developed in a short time. 

SUGGESTIONS FOR TRE.\TJIENT 

The optimal time for bone-grafting has been discussed in the literature. It is the 
consensus that the older the patient, the greater the probability of union; and that union 
is obtained with greater ease after puberty. However, the longer the operation is delayed, 
the more shortening will occur; the leg will be poorly developed; and the deformity, due 
to anterior bowing of the leg and calcaneovalgus of the foot, will be greater. Case 1 of this 
series emphasizes the advantage of early successful operations. It is the authors’ opinion 
that the patient should be operated upon as early as practicable, that is. from three to 
five years of age. 

At operation, the surgeon should remember that the bone is small and osteoporotic. 
1 he dual graft forms a “bone clamp”: consequently, it is easy to fracture the osteoporotic 
bone just above the ankle, at the lower end of the graft. This occurred in two of the pa- 
tients reported in this series; both fractures united promptly. In Case 1, a supramalleolar 
osteotomy was done on both tibiae to correct the valgus of the ankles; each united in nor- 
mal time. This emphasizes the opinion that the cause for non-union in congenital pseudar- 
tiirosis is a localized factor and docs not involve the other bones of the bodv, nor even 
the same bone, a few centimeters from the pathological area. The screws should be placed 
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as far from the area of pseudarthrosis as is practicable, as their presence is apt to pi-e- 
dispose to refracture. The technique for the application of a dual bone graft and the 
advantages of this procedure are outlined in the article published in 1941 b}'- the senior 
author. 

Grafts taken from a bone bank would be ideal for this procedure, as adequate autog- 
enous bone is usually not available for massive bone-grafting in children. The hospitaliza- 
tion of a second member of the family as a bone donor entails additional expense. There 
is also the hazard of weakening the tibia of the donor, and the possibility of fracture if 
the tibia is inadequately protected. After sufficient bone has been removed for a dual 
graft, the donor is required to wear a long leg brace for four to six months. 

A long leg cast is applied after the operation and, in small or fat children, a spica may 
be necessary to ensure adequate immobilization. The immediate postoperative cast is 
usually changed in approximatel3'^ ten da3'-s, and a snug, ■well-fitting one is applied. The 
cast should then be changed often enough to ensure adequate, continuous immobilization 
until union is apparent in the roentgenograms. This usualb’- requires four to six months. 
Following cast immobilization, a leather lacer brace is used until a well-developed medul- 
lary canal has formed and the tibia is essential]3^ the same size as the normal one. This will 
usually require the use of a brace until the time of puberty. The t3’'pe of brace advocated 
by Kite, in which the leather sleeve laces posteriorly, is superior to one laced down the 
front of the leg; a solid, well-molded piece of leather on the anterior surface of the leg 
gives better support to the tibia, which usually has a tendenc3'^ to become angulated in 
that direction. 

Three t3^pes of patients with congenital pseudarthrosis are recognized, — those born 
with a defect in the tibia; those noth fractures developing in a congenital c3’-st of the tibia; 
and those born with congenital bowing of the tibia, in whom the bone is small and sclerotic 
and the medullaiy canal is diminished in size or absent. In the third type, the tibia usually 
breaks as the result of minor trauma. Following the fracture, absorption occurs and a 
typical pseudarthrosis results. In a patient of the third type, osteotomy to correct the 
bowing of the tibia should not be done, as non-union will develop and, in the minds of the 
parents, the surgeon will be held responsible for the subsequent train of unfortunate events. 
This is well illustrated by Case 6 in this series. 

The prognosis for fractures developing in congenital C3^sts is probably more favorable; 
the bone is better suited mechanicalb'^ for grafting, because the ends of the bone are not 
narrowed and pointed, as in the other two types. Also, the medullary canal in both frag- 
ments is larger and consequent^" easier to expose and open, as illustrated in Case 4. 

The choice bet'ween amputation and bone-grafting may be a difficult one. It is neces- 
saiy to compare the usefulness of an artificial limb with that of the extremity which can 
reasonabb" be expected after a successful bone graft, rather than with a normal leg. An 
expected shortening in excess of three inches, a considerable residual deformit3", such as 
anterior bowing of the tibia and pes calcaneovalgus, and the constant possibilit3" of re- 
fracture of a small, "weak tibia ma3" be indications for an amputation. On the other hand, 
there is no question that some patients are better with a bone graft. The patient presented 
as Case 1 is now twent3"-four years of age, is a registered nurse, married, has a child, and 
is doing her own housework,- -accomplishments difficult to attain with an artificial leg. 

CONCLUSIONS 

1. In the seven cases reported, ten massive bone grafts have been used. 60113" union 
followed all but one of these operations. This indicates that union can be anticipated in 
the majorit3' of cases after this procedure. However, in three instances, refracture occurred 
following union. 

2. In one patient, amputation was done after refracture. Bony union has been 
present following the second bone-graft operation for one and one-half 3"ears, two years. 
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and three and one-half years, respectively. Union has persisted after the first massive 
graft for two and one-half, seven and one-half, and twentj'-two years, respectively. 

3. A refracture may be preceded bj' an increase in sclerosis about the fracture site, 
narrowing of a previously reformed medullary canal, or an insufficiency fracture. Routine 
follow-up roentgenograms should be made at six-month intervals to determine if any of 
these factors are developing, and, if so, surgical intervention may be indicated before a 
complete refracture occurs. 

4. Following refracture, rapid absorption of the bone occurs, and the fracture site 
soon reverts to a condition simulating that seen in the original congenital pseudarthrosis. 

5. It is probably unwise to draw conclusions as to end results in this condition 
until the patients have become young adults or at least are past pubert}'. In this series onlj" 
Case 1 can be considered as having a good end result, according to these criteria. 

6. At the termination of cast immobilization, adequate bracing must be maintained 
until a new medullaiy canal has developed and the consistencj' and size of the tibia com- 
pare favorably rvith the normal. 
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DISCUSSION 

Dr. Halford Hallock, New York, N. Y.: From this and other studies, it is e\'ident that eertain factors 
are present in congenital pseudarthrosis, which prevent the growth of bone or interfere with its integrity after 
union has been obtained. Those are probably eirculator>- and, in some patients, related to neurofibromatosis. 

\ Scarring from previous unsuccessful operations undoubtedly also plays a part. These factors must be consid- 
ered in any reconstruction procedure, and must constantly be kept in mind during the long period of con- 
valescence that Dr. Boyd has emphasized is necessarj’ for the assurance of a long-term successful result. The 
combined method of small bone transplants and rigidly fixed dual grafts, which Dr. Boyd employs, physi- 
ologicalh’ would appear to be the most effective means of dealing ndth pseudarthrosis. This is borne out b\- 
the high degree of early union. Small bone transplants are rehabilitated readily, and the bone grafts with 
internal fixation proxdde the immobilization nccessaiy for union. Good bone above and below is necessarj- for 
contact with grafts. If this is not possible, or if extensive scarring is present anteriorly, the posterior surface 
of the tibia can be employed as a site for grafting. Neurofibromatous tissue should be removed, because it 
may interfere with union or may later bo responsible for the recurrence of pseudarthrosis. I agree with Dr. 
Boyd that if bone sclerosis should increase or an “insufficiency” fracture should develop, after union has 
been secured, reoperation would be advisable. This should be along the line of reinforcing bone repair and 
increasing local circulation. Although a refracture spontaneously united in one of our patients at the New 
York Orthopaedic Hospital, in one it did not. The second patient for several years had showed e\-idence of an 
insufficiency fracture at the site of previous pseudarthrosis, and I am sure that reoperation at that time would 
have prevented non-union. In those patients in whom this operation may fail or in whom conditions are such 
that a good result cannot be expected, it must not be forgotten that tran.=plantation of the fibula, if feasible, 
may be of scrx-ice and may make amputation unnecessary. 

Dr. Rex L. Dh-eley, Kaxs.\s City, Missouri: We are indebted to Dr. Boyd for calling to our attention 
this most difficult condition and for advancing a method which, according to his report, bids fair to being a 
solution. 

When I was asked to discuss this paper, we rex-iewed our cases, and, of the seven cases followcal, we failed 
to find one with a bony union following operative procedures. Five had had amputations, and the remaining 
two are considering advised amputations. We liave always used the single massive graft or the fibular trans- 
plant. .\ftcr listening to this report, we may feel that the dual graft L= the an.=wer. 

My personal ob«er\-ation.s may be summetl up as follows: If the p-eud:irthro'is is complicated bv de- 
formity of the foot, ankle, or knee, it would seem advisable to sugge.st amputation. If the congenital p-eu- 
darthrosis is uncomplicated, with not too gn-at a deformity at the point of the arthrosis, the dmd bone graft 
should be tried, according to the technique outlined by Dr. Boyd. 
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PERITENDINOUS FIBROSIS OF THE DORSUM OF THE HAND 


BY MAJOR ROBERT E. VAN’ DEATARIC, LIEUTEISrAN’T COLONEL JOHN D. KOUCKY, 

AND LIEUTENANT COLONEL FREDERICK J. FISCHER 
Medical Corps, Army of the United Stales 

In' contrast to the usual traumatic tenosynovitis wliich responds to treatment, a pain- 
ful, persistent, peculiarl 3 '- hard swelling, localized over the dorsal metacarpal area and 
absent in the palm, may follow a blow to the back of the hand. Little attention has been 
given in the American literature to this condition, the typical etiology and early physical 
findings of Avhich were originally described bj'^ Henri Secretan in 1901. (It has been called 
dorsal oedema of Secretan, and traumatic hard oedema of the dorsum of the hand.) In 
1943, Watson- Jones stated that the pathology of this intractable condition was not well 
understood. Iselin, in his monograph on the hand, has commented on its rarity, stating 
that he has never seen a case; Cutler and Bunnell in their treatises do not specifically men- 
tion the syndrome, apparentl 3 '’ because of its infrequenc 3 L 

An unusual opportunit 3 '’ ivas afforded to diagnose, obseiwe, and obtain biopsy speci- 
mens from two such cases during a recent period of military service. The pathological 
findings, similar in the tivo cases and officially confirmed microscopicall 3 ’’ in the second 
case at the Arm 3 '’ Medical Museum, present certain typical features and establish a 
fundamental basis for the S3mptomatology, prognosis, and treatment. 

CASE REPORTS 

Case 1. A negro male, aged twenty-eight, was admitted to Bruns General Hospital, Santa Fe, Neiv 
Mexico, on December 8, 1943, with a transfer diagnosis of synovitis of the e.\'tensor tendons of the right fore- 
arm.and purpura liemorrhagica. 

In June 1943, the patient was struck on the dorsum of the right hand by the flat side of a broken rotary- 
saw blade. Although the skin was not broken, severe pain and swelling occurred immediately. Roentgeno- ^ 
gi'aphic examination showed no evidence of a fractured metacarpal, which was at first thought to be present. ' 
The swelling on the dorsum of the hand extended into the fingers and persisted for three months before sub- 
siding. While in a hospital overseas, the patient had suffered from intermittent bleeding of a variable degree 
for a five-day period, from the site of an extracted tooth. There was no previous history of unusual or pro- 
longed bleeding. 

Physical examination on admission disclosed that the right hand showed a slight thickening of the 
peritendinous tissue on its dorsum. Duo to a painful “checkrein” effect on the extensor tendons of the medial 
four digits, the patient could not make a tight fist. Motions of the i-ight thumb were fi-ec. Routine o.Yamina- 
tion was otherwise not remarkable. 

An exhaustive study by the medical staff failed to confirm the diagnosis of purpura hemon-hagica or to 
disclose any other hemorrhagic disease. While the patient was helping with the routine work about the ward, 
following admission to Bruns General Hospital, and in the absence of any distinct trauma, severe swelling 
developed on the dorsum of the right hand. The character of the swelling was firm and non-pitting; periph- 
eralU a milder oedema e.xtended into the fingers and borders of the hand, where it graduallj' faded. Motions 
of (he fingers were painful, and flexion of the fingers was severely limited by pain on the doi'sum of the hand. 



Fig. 1-A Fig. 1-B 

Case 1. Right (Fig. 1-A) and left (Fig. 1-B) hands, showing the marked swelling of the doi.ium of (he 
right hand, with milder swelling of the fingers and border of the palm. 
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Fig. 1-C 

Roentgenograms of the right and left hands, thirteen months after the original injurj- to the right 
hand. Xote absence of bone atrophy or spotty decalcification. 


\Casts were successively applied to the hand 
in the position of optimal function; the severe 
swelling subsided in five months, leaving only 
a slight thickening. After an additional^ two 
months of inactivity, the patient was allowed 
to use the affected hand. Swelling and pain 
recurred (Figs. 1-A and 1-B) and exploration 
was decided upon. 

Allergj' examination, including skin tests 
for foods, pollens, and epidermals (fur, feath- 
ers, and dander), was negative. A neuropsy- 
chiatric examination was negative. Blood- 
chemistry studies revealed no abnormal values 
of the icterus index, van den Bergh direct and indirect reactions, non-protein nitrogen, urea nitrogen, uric 
acid, cicatininc, sugar, chlorides, cholesterol, phosphorus, calcium, phosphatase, carbon dioxide combining 
power, total piotcin, and albumin-globulin ratio. The phenolsulphonphthalein test, urea clearance, urine 
concentration, and bromsulphalcin tests were within normal ranges. The basal metabolic rate was plus 7. 
The injection of 0.5 milligram of histamine diphosphate subcutaneously, during the period of quiescence, 
produced a local swelling which had largely disappeared in four days. The Mantoux skin test was plus 2. 
Calcium oxalate crystals were present in the urine on several occasions when the patient was placed on a high- 
oxalalc diet Quantitative urirrary-oxalate examination, wdiile rrot strictly accurate because of technical 
rlinicitUies, showed a consistently high excretion over a three-month period, as compared with two controls. 
Xo cxacoibation of symptoms resulted, as far as could be noted, from this diet. Xo evideirce of acid-fa't 
organisms was found in the uritrary sediment. Repeated examination of the blood revealed no abnormalities 
of the blood elemerrts or disturbances irr the clotting and bleeding mechanisms. The Kahn test was negative. 

.\s was trrte irr the original case reports of Secretan, no abnomralities of the bones and jornts of the right 
hatrd were show tr by roentgerrogiairhic examination at any time. Thirteen rnoirth- after the irrjurv (Fig 1-C) 
there was tto liisuse atrophy, although this may appear late in the disea'c. Xo abnormalities were found on 
exarnirration of the lungs. 

At operation, a jrnerrnratic tormriquet liaviirg been applied, a transverrse incision was made oir the dorsum 



Fig. 1-D 

Right hand at completion of staj’ in hospital. Compare 
with Fig. l-.\. 
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Fig. 1-E 

Fibrous periiendinous tissue of collagenous character with numerous small and medium-sized thick- 
walled vessels; stained with hematoxylin and eosin (X92). 



Fig. 1-F 

Noll' the (l!irk-.''taii)iiif; iiitraoi'llular and extracellular iron pigment (I’russian-blue slain) (X184). 
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of the hand, exposing the subcutaneous tissue; this was grossh- fibrotic and entirely covered the extensor 
tendons of the fingers. The tissue had a light yellow tint, suggestive of pre\'ious hemoiThage, and measured 
approximately 0.5 centimeter in thickness, when incised dowm to the extensor tendon of the ring finger, which 
it surrounded. A specimen of the subcutaneous tissue was taken for biopsy. Ex-ploration of the fibrotic mass 
laterally revealed a hematoma, consisting of clotted blood and serum, deep in the layer of fibrous tissue and 
superficial to the tendons. The hematoma was evacuated; its volume was approximately six cubic centimeters. 
The clots were forwarded to the laboratorj- with the biopsy specimen. A culture of the wound was taken 
before closure, and a firm pressure dressing was applied. 

The wound healed by first intention, despite culture findings of Staphylococcus albus, which was probably a 
contaminant. The swelling entirely disappeared from the fingers and borders of the hand after removal of 
the pressure dressing, on the fifth postoperative daj’. At that time the swelling on the dorsum of the hand 
was diminished approximately 60 per cent. Because of previous reports of delayed wound heaUng, the sutures 
in the skin were not removed until the sixteenth postoperative day. Two weeks later the scar broke open at 
the central portion of the incision, despite adequate care and protection, but promptly healed. The hand was 
protected in an aluminum splint, and function was gradually resumed. Shortlj- before discharge of the patient 
from the Hospital (on November 27, 1944), onlj- a slight thickening was exndent on the dorsum of the hand 
(Fig. 1-D) ; flexion at the metacarpophalangeal joints was limited almost 50 per cent. In a letter dated March 
25, 1945, the patient stated that he was working part time as a laborer and had onty slight discomfort in the 
hand. The authors have since hoard indirecth’ that swelling recurred, but have been unable to get in touch 
with the patient. 

Microscopic Examination of Pathological Specimens: In sections stained with hematoxylin and eosin (Fig. 
1-E), the fibrous subcutaneous tissue consisted of dense interlacing bands of collagenous tissue ^-ith numerous 
medium-sized and small thick-walled blood vessels. In the intemtices of the collagenous tissue was an intra- 
cellular brown pigment, hax-ing the characteristic staining reaction for iron (Prussian-blue stain) (Fig. 1-F). 
Abundant iron pigment was also found hang free between the fiber bundles. Some of the collagenous tissue 
had undergone hyalinization. The clots from the hematoma were of recent origin. 


Case 2. A white male, aged thirty, was admitted to the Regional Hospital, Camp Joseph T. Robinson, 
Arkansas, on December 29, 1945, because of a recurrent painful swelling on the dorsum of the left hand. On 
November 12, 1945, he had slipped on the wet ground, striking the dorsum of his left hand against a tent pole. 
Localized swelling immediately developed at the site of injury on the dorsum of the hand. After rest the 
swelling subsided somewhat, only to recur with e.xtremc flexion of the fingers. A roentgenogram had revealed 
tto fracture. The past historj' was essentially negative. 

' Physical examination at the time of admission to the Hospital revealed a hard, non-pitting oedema on 
the dorsum of the left hand, most marked in the region of the distal third of the metacaiTJal shaft (Figs. 2-A 
and 2-B). The skin was not discolored and showed no evidence of trauma: no temperature changes were e\d- 
dent. A moderate degree of hj'po-aesthesia was present over the dorsal surface of the proximal phalanges of 
the left fingera. hlotion of the thumb was free, but flexion of the fingers was limited because of pain on the 
dorsum of the affected hand. Roentgcnographic examination was entirely negative (Fig. 2-C). Multiple 
microscopic examinations of the urine revealed oxalate crj’stals on only one occasion. The basal metabolic 
rate was plus 13. Blood e.xaminations, including bleeding time, prothrombin time, clotting time, sedimenta- 
tion rate, reticulocjde count, hemoglobin, leukocyte count, and differential, were normal. The Kahn test 
was negative. Blood-chemistrj' examinations were limited by technical facilities; the blood urea nitrogen, 
sugar, cholesterol, and icterus index were all found to be within normal linrits. neuropsvehiatric examina- 
tion disclosed symptoms in the loft arm, which, to the consultant, were suggestive of hysteria. -A consultation 
revealed no histoiy or evidence of allergj’. 

On the evening of Januaiy S, 1946, the patient was requested to flex his fingers to the point of pain, in 
an attempt to increase the swelling; no marked enlargement occuned. On the following morning, .lanuarj' 
9, exploration and biopsy of the left hand were performed under general anaesthesia, a pneumatic tourniquet 
being used on the affected extremity. -A small fibrous-tis.sue plaque, slightly yellow in color, was found over 
the distal metacarpal area, involving the extensor tendon of the middle finger. The adherent plaque moved 
"ith extension and flexion of the finger. On the radial side of the extensor tendon and within the plaque 
' was a small area of granulation tis.sue, apiJroximately three millimeters in diameter, with eridence of fresh 
hemorrhage. A small synovial-like sac was found, extending under the plaque and tendon on the ulnar border 
between the metacarpal bone and the involved tendon. Multiple specimens were taken for biopsv, including 
the fibrous plaque, the region of the granulation tissue, and a small dorsal peripheral portion of the e\ten.=or 
tendon with its adherent fibrous tissue. The tendon wa.s then freed, and the wound wa= closed with internintetl 
Miture.s. ' 


The wound healed by first intention; the sutures were removed on the fourtwiith postoperative .lav 
1 hree wevks after opemtion Hu- patient was transferred elsewhere; his subsequent course is unknou n ‘ 
-Microseopie examination of sections of the plaque, stained with hcmatoxvlin and eosin, reveahxl the 
presence of collagenous tissue and voung fibrous tissue (Fig. 2-D). Pnissian-blue stain demonstrated the 
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pi-csencc of iron pigment, lioth intraccllularlj' and extracellularly (Fig. 2-E), A small area of iron pigment wa 
noted within the tendon. Free I'cd blood cells were observed in the area of recent hemorrhage. The periphera 
portion of the tendon was infiltrated with fibroblasts (Fig. 2-F). The diagnosis, as reported by the Pathologi 
Section at this Hospital and ofriciall.y confirmed at the Army and Navy General Hospital and the Arm 3 '- Mod 
ical Museum, was; “Subcutaneou.s tissue, spontaneous hemorrhage; subcutaneous tissue, fibrosis witli 
collagen infiltration; subcutaneous tissue, hemosiderosis and peritendinous fibroblastic infiltration”. 

PATHOGENESIS AS SUGGESTED BY PATHOLOGICAL AND ANATOMICAL FINDINGS 

Tlie presence of abundant iron pigment in the fibrous tissue, both intracellularly and 
extracellular!}', indicates that the peritendinous fibrosis was a reaction to the absorption 
of blood. This evidence of hemorrhage has not heretofore been mentioned or demonstrated 
in the available reported cases or discussions of peritendinous fibrosis of the dorsum of the 
hand (also known as dorsal oedema of Secritan and traumatic hard oedema of the dorsum 
of the hand) ; neither has the fibroblastic infiltration of the peripheral portion of the tendon 
been demonstrated microscopically in this condition, as far as we can determine. In the two 



Fig. 2-A Fig. 2-B 

Case 2. Left (Fig. 2-A) and right (Fig. 2-B) hands, showing the moderate swelling of the dorsum of 
the left hand in the region of the distal portion of the third metacarpal. 
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Fig. 2-D 

Microscopic section (X92), showing the variation from 3 -oung fibrous tissue (in the upper left comer) 
to more mature collagenous tissue (in the lower right comer). Stained with hematoxj’lin and eosin. 


\ 



Fig. 2-E 


1 he dark-staining intracellular and extracellular iron pigment is less prominent than in Ca.=e 1 
of the shorter duration of the {lisea=c. Prussian-blue stain w:rs used (X1S4). ’ 


because 
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The doisal peiiplieial poition of the extensoi digitoium communis tendon of the middle fingei is 
seen in the lowei left coinei; note the mfiltiation of fibi oblasts into and about the peiipheial segment 
of the tendon. Stained with hematoxylin and eosin (X184). 


present cases, the initial hemorrhage could reasonably be assumed to be on the basis oi 
severe trauma. As elsewhere, the clotted hematoma (as found in Case 1) is absorbed by the 
invasion of fibroblasts, which in this condition also infiltrate the adjacent tendon over a 
considerable length, as shown at opeiation. (It should be noted that the extensor tendons 
over the metacarpal area are not protected from an adjacent hematoma by the presence of 
synovial sheaths, as at the dorsum of the wrist or to a considerable extent on the palmar 
aspect of the hand and fingers ) 

The demonstration of iron pigment within the tendon in Case 2 suggests that a certain 
fragmentation of the tendon occurs at the time of injury, peimitting mtratendinous infil- 
tration of blood and possibly predisposing to fibroblastic invasion and fixation of the frag- 
mented tendon. "With motion of the tendon, bleeding ma}'' easily occur fiom disruption of 
the attached jmung fibrous and granulation tissue, and less easily from tearing of the 
collagenous tissue, resulting in the lecurience of the hematoma and clinical swelling De- 
pending upon the degree of absorption of the hematoma, its size can be quite vaiiable; a 
small hematoma is easily missed in the mass of fibious tissue The clotted blood cannot be 
aspirated and, with the secondaiy fibrosis, gives lise to a film, haul swelling, localized to 
the dorsum of the hand. This latter finding has not been satisfactorily explained heietofoie 
by aii}'^ neuiovascular theoiy of causation. It should be noted, however, that this focus of 
hemorrhage, fibiosis, and scariing might well act as a souice of an affeient impulse for a 
reflex arc involving the sympathetic fibers, to produce a secondaiy oedema on a neurova.s- 
cular basis. The absence of leported permanent cures following ccivical sympathetic pio- 
ccduies in long-established cases is notewoithy; .such procedures affect only the secondary 
phenomena rather than the primal j" disorder, as demonstrated here. 

Anson and his associates have recently completed a detailed study of the several 
layois of fascia on the doisum of the hand. It is probable that the absence of supeificial 
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ecchymosis in recurrent peritendinous fibrosis is due to the occurrence of hemorrhage, deep 
to the superficial layers of fascia; this was true in both of the cases reported. As demon- 
strated (Fig. 2-F). the area of fibrosis is in the immediate vicinity of the tendons, probably 
deep to the supratendinous fascia (which Anson has compared to the palmar aponeurosis 
on the volar aspect of the hand). The superficial lymphatics of the fingers and borders of 
the palm drain to the dorsum of the hand; their obstmction by pressure of a large hema- 
toma and severe secondary fibrosis, as seen in Case 1, gives rise to the milder oedema of the 
fingers, as well as that at the border of the palm. Since the osmotic pressure of a relatively 
large hematoma is unknown, its exact effect on the principal lymphatic channels is a specu- 
lative one; a high osmotic pressure would result in an increase in the volume of the hema- 
toma, producing further obstimction of the lymphatics. It is obvious that the pressure of 
the hematoma and surrounding fibrosis would tend to'produce venous stasis by pressure 
on the dorsal venous arch and its tributaries. In the advanced and more severe case (Case 
1) marked vTinkling of the skin, associated with complete disappearance of the finger 
swelling, followed operative evacuation of the hematoma. The presence of the dorsal 
fibrosis and hematoma does not obstruct the lymphatic drainage of the central portion of 
the palm, which drains into the deep lymphatics along the palmar arch; the absence of the 
palmar swelling is thus readily explained on an anatomical basis. 

GEXERAE COXSIDER.ATIOXS 

Etiology 

Males are more frequently affected, particularly laborers, miners, and brewery work- 
ers. The incidence of the condition in the United States is probably higher than the paucity 
of recorded cases would indicate. The possibility of chronic infection has not been generally 
confirmed bj’ biopsy findings ; cases of infectious tenos\Tiovitis constitute a different entit.v. 

Theories like that of Leriche have been advanced to explain the condition on a neu- 
rovascular basis -• “; a disturbed sympathetic-nerve control of the lymphatic vessels 

^ has been postulated by Schorcher. The skin on the dorsum of the hand is not so firmly 
fixed bj’ its underlying tissues as that on the palm, which predisposes to subcutaneous 
swelling; yet it is difficult to understand how a disturbance of the sympathetic nervous 
system could produce a hard oedema on the back of the hand and fail to affect the bones or 
soft tissues of the palm. It should he noted that Leriche has produced marked reduction in 
the size of the swollen hand by a cervical sympathetic procedure. Watson-Jones has sug- 
gested that a disturbance in oxalate metabolism may be a factor. In the typical case, the 
on.set of symptoms is precipitated by a blow on the domum of the hand, and less commonly 
by a fracture of a metacarpal bone. As noted by Iselin. an artificial element may be present 
in certain cases; he points out that self-traumatization of the dorsum of the hand may 
produce the condition. Coley, in a personal communication, has stated that he is aware 
of such cases. The predisposing effect of blood dyscrasias or hemorrhagic disease to this 
affection has apparently received little or no mention in the literature. The relationship of 
hard post-traumatic swelling to the hand oedema after infections, mentioned by Kanavel. 
has not been well defined; the deposition of fibrin is apparently less e\*ident in the present 
cases. The confusion between the two is illustrated by the fact that a case of oedema, fol- 
lowing an open suppurating wound with fever and. later. Sudeck's atrophy, has been 
classified erroneously as traumatic hard oedema Evidences of psychoneurosis and con- 
stitutional inferiority have been reported in certain eases by Bettmann and Leffmann. 

Fathological Findings 

Microscopic studies have not frequently been made. The pathology has not been 
clearly understood. On exploration, the peritendinous tissues are found to be hypcraemic 
and thickened 'L In one biopsy, described in the early stage of the disease by Schorcher. 
the tissue was devoid of inflammation. In the later stages of the disease, perivascular in- 
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flammatoi-y changes are said to occur, and the connective tissue is increased in amount 
and coarse in chai’acter. 

Symptomatology 

Swelling on the dorsum of the hand occurs shortly after the local injury, and may 
involve only a portion of the dorsal area. In the severe cases, the skin on the back of the 
hand has a smooth, stretched appearance. The normal bon}^ prominences become oblit- 
erated, and the subcutaneous ridges of the extensor tendons are no longer visible. The 
hand ma.y feel cool or warm to the touch; no abnormalities of the radial and ulnar pulsa- 
tions have been reported. 

The character of the swelling is firm and hard. In severe cases a milder swelling ap- 
pears at the borders of the hand and in the fingers, particularly on their proximal dorsal 
surfaces. The swelling on the dorsum of the hand persists for several weeks or months. 
With the swelling, an inability to completely flex the fingers occurs; in contrast, motions 
of the thumb are normal. Later in the course of the disease, finger motion is further inhib- 
ited bj'' muscle atrophj'- and secondaiy contracture of the joint capsules of the fingers. 
After the initial injurj'' the pain is most often dull in character, but is increased by extreme 
flexion of the fingers, as well as by local pressure on the dorsum of the hand. As the 
swelling subsides, the pain tends to disappear. No sensoiy or motor changes were reported 
by Secretan; the organic basis of diminished sensation, more recently reported by Bett- 
mann, has not been established. 

Diagnosis 

Usually a fractured metacarpal is suspected when the patient is first seen. The typical 
history (of acute trauma), the symptomatology, and the roentgenographic findings readily 
differentiate the condition from the usual traumatic and infectious disabilities of the hand. 
Sudeck’s atrophy and trophic oedema are associated with typical bone changes. .Hysterical 
and functional oedema, due to a prolonged dependent position of the affected limb, is more 
generalized and is soft in character; personality changes may be readily^ evident. Less com- 
mon conditions to be differentiated include causalgia, arthritis, lymphoedema, throm- 
bophlebitis, tuberculosis, and retained foreign bodies. 

Prognosis 

It has become generally recognized that recurrence of swelling is common, and the 
number of permanently cured cases is reported by Bettmann as small. Iselin states that 
the “oedema” persists indefinitely'^; the incapacity'- is often 60 to 75 per cent.; and the 
prognosis is veiy bad. Watson-Jones has noted a tendency to recurrence even after the 
swelling has disappeared for a time; he considers the prognosis not good. 

Treatment 

Numerous methods of treatment have been used. Such therapeutic measures include 
heat, massage, warm baths and compresses, incision and excision of the involved tissue, 
cataphoretic histamine and acety'lcholine, suggestion, psy'^chotherapy, deep roentgeno- 
therapy', thread drainage, immobilization in plaster-of-Paris casts and splints, compression 
bandage, low-oxalate diet, various sy'mpathetic blocks, and sy'-mpathectomies. A practical 
form of treatment is suggested by' Watson-Jones, who recommends prolonged immobiliza- 
tion in a dorsal plaster splint; this should be continued for several months aftei’ the swelling 
has subsided. 


SUMMARY AND CONCLUSIONS 

Two cases are presented of soldiers who suffered from recurrent, disabling, hard 
swelling on the dorsum of the hand, following a severe initial blow. In each case operative 


THE JOURNAL OF BONE AND JOINT .SUROERY 



PERITEXDIXOUS FIBROSIS OF THE DORSVM OF THE HAND 


293 


exploration and examination of pathological specimens revealed erddence of old and recent 
.hemorrhage, with fibrous-tissue proliferation and organization in the hemorrhagic area. 
Infiltration of the extensor tendon by the fibrous tissue gives explanation for the clinical 
finding of local pain and limitation of movement during fiexion of the fingers; also, it is eii- 
dent that, with extremes of motion of the tendon, disruption of the attached fibrous tissue 
occurs with further hemorrhage, clotting, fibroblastic organization, and increased fibrosis 
deep to the superficial fascia. This explains the recurrent, localized, and hard character of 
the swelling. 

In such cases it would appear that the treatment of choice is early operative evacua- 
tion of the primary hematoma and ligation of any evident bleeding vessels, followed by a 
firm compression dressing. Involvement of the extensor tendons during the fibroblastic 
organization of the adjacent hematoma cannot otherwise be avoided with certainty. In 
late cases, evacuation of the hematoma should probably be followed by prolonged im- 
mobilization, in order to allow maturation of the fibrous tissue and obliteration of the 
hematoma cavity. The authors are not prepared as yet to state the value in advanced cases 
of excision of the involved tendons, subcutaneous tissue, and skin, with replacement by a 
pedicle skin gi'aft and tendon transplants. Such procedures are certainly contra-indicated 
in cases with a factitial etiology, in old cases with severe joint contracture and marked 
loss of function, and in those with marked secondary sympathetic-nerve phenomena. 

Probably not all cases of peritendinous fibrosis of the doi-sum of the hand have a simi- 
lar basis. In our opinion this present hemorrhagic type constitutes a definite subdivision of 
a group of ill-defined cases which follow a definite syndrome and are resistant to the usual 
treatment. The presence or absence of this hemorrhagic type should always be established 
before other operative procedures, such as various U^pes of cervical sympathectomies, are 
performed. Permanent good results cannot logicalh- be anticipated vith cervical sympa- 
thetic procedures in those cases in which fibroblastic infiltration and fixation of the 
extensor tendons have occurred. 

Xote: Appreciation is expressed for tlie special e.xaniinations, help, and cooperation of all officers con- 
cerned with these case studies, particularly Lieutenant Colonel Isstdore Pilot, M. C., Captain Robert Hart- 
man, M. C., and Captain David Johnson, Sn. C. 
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EXPERIENCES IN THE TREATMENT OF INTRACAPSULAR FRACTURE! 

OF THE NECK OF THE FEMUR* 

13Y JOSE LUIS BADO, M.D., MONTEVIDEO, URUGUAY 
Fro»i the Instiliito Tranmalologico, ]\[ov(evi(teD 

The purpose of this paper is to set forth an analysis of the results obtained in our 
Clinic over a ten-year period in the treatment of intracapsular fractures of the neck of the 
femur. For this purpose, we have reviewed 325 cases, with an average follow-up of two 
years or more; this analysis has led to a series of conclusions, which have pointed the way 
to our present form of treatment. Similar procedures have been carried out successfully 
b.y American orthopaedic surgeons, and our conclusions nia.v be the same as those of our 
colleagues in the United States. 

It is commonl.y known that the general condition of the patient must be considered 
before any direct attack can be made upon the fracture of the femoral neck. In many 
cases, the general condition will contra-indicate any active treatment of the fracture; ac- 
cording to our statistics, 123 cases or 38 per cent, were of this type. Twenty-nine of these 
patients died between the first and third weeks. Other conditions which precluded fracture 
treatment were heart failure, cerebral softening, uraemia, senility, et cetera, and there 



Fig. 1 

Case 3321. Modification of Smitli-Petcisoii nail in patient, sixty-eight yeans old. 
n; Pieoperatire roentgenogram. h and c; Immediately after operation. 

(/; Thirteen montlis alter operation, tlie nail had undergone spontaneous migration and the frac- 
tuie was reproduced. 

c: After removal of the nail. /: Five months after osteotomy, the re.sull was veiy good. 

* Head at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicago, Illinois 
.humary 29, 1947 
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Fig. 4 

Case 13876. A Godoy-Moreira screw was used in this patient of seventy years. 

a: Before operation. b and c: Immediate]}' after operation. 

d and e: Twelve months after operation, callus had not 3 '^et formed. The result in this case wai 
bad, with absorption of the neck and external rotation. 

were also cases of tabes, sj^philitic changes in the hip, tuberculosis, and metastatic disease 
in the neck of the femiu'. A rule was finally evolved that no person over fifty j'-ears of age 
Avith a fracture of the neck of the femur should be operated upon until he had received at 
least one week of medical observation and treatment. This rule may have helped to attain 
low mortality rates in our subsequent treatment of the fracture. There were no operative 
deaths following nailing with the three-flanged nail; of the patients who had had screws 
applied to the fracture, 2.2 per cent, died as a result of the operation and 7.9 per cent, died 
as a result of osteotomy. 

Of the total of 325 cases reviewed, only 202 actually received treatment of the frac- 
ture. In forty of these cases, impaction was present, and the patients were treated in plaster 
casts rvith earlj'- ambulation. All of this group showed good healing, with excellent function. 
Four patients were treated with the Whitman plaster, and two of them showed good re- 
sults. Of the remaining patients, twentj-'-five were treated by fixation with a three-flanged 
nail, fortj^-five had fixation with the Godo 3 ’’-Moreira screw, seventy-six had primary 
osteotomy, and twelve had primaiy bone-grafting. 

In the group treated with the three-flanged nail, the ages ranged from twenty-one 
to eighty-one; 52 per cent, showed bony union roentgenographically, and good function. 
Complications occurred, however, in this group with good results. One nail was extruded; 
in one ease the head showed aseptic necrosis; in one case there was coxa vara; and in 
three cases there was absorption about the nail, as well as local tissue reaction to the 
metal. In 4S per cent, the results were judged as not good: Six patients showed fully 
developed aseptic necrosis, three had coxa vara, two had non-union, and in one the posi- 
tion was lost after thirteen months. Four of these patients needed subsequent osteotomies. 
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Fig. 5 

Case 11338 A Godoy-Moreira scre^\ was used m this patient, aged fiftj'-seven year®. 
a: Before operation. b and c: Immediately after operation. 
d and e: Ti\ elve months after operation, there was necrosis of the epiphysis 
\ /. Twent}’ months after operation. The screw has been removed. 

In the forty-five cases in which the fracture was fixed with the Godoy-Moreira screw, 
twenty-four or 53.3 per cent, showed good clinical and roentgen ographic results; in 20 or 
44.4 per cent, the results were not good; and there was one death or an operative mortality 
of 2.2. per cent. Here again, aseptic necrosis occurred in ten cases, absorption of the neck 



Fig. 6 

Case 0571. Thirty months after osteotomy; the re-ults wt-n- excellent 
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in thirteen cases, and the screws broke in two cases. The serenes were removed in ten cases 
and five patients had subsequent osteotomies. 

In sevent 3 ''-six cases, intertrochanteric osteotomy was the primaiy treatment. TJiej-f 
were six deaths in this group, or an operative mortality of 7.9 per cent. ; follow-up in nine of 
the cases was not possible. Of the remainder, the results in 54 or 88 per cent, of these cases 
were considered to be verj^ good. The patients were able to walk without support and with- 
out pain. However, in no case was flexion possible beyond 90 degrees, and the motions in 
rotation and abduction were slightl}'’ more than a jog. The results were considered unsatis- 
factoiy in 7 or 1 1 .7 per cent, of the cases. 

Intertrochanteric osteotomy had been our treatment of choice, both as a primaiy and 
a secondarjf operation, in the majority of cases of fracture of the neck of the femur until 
the past year. This was because the result could be predicted more surely, and also because 
it was a good procedure when other methods had failed. It was because of the large number 



Pig. 7-A Fig- 7-B 


Case 16970 Anteroposterior and lateral loentgenograms of a patient, si\y-four years old 



Fig. 7-C Fig. 7-D 


Fig. 7 -C: Two necks after operation. 

Fig! 7-D: Two months after operation. Patient is still in the plaster cast. 
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Fig. 7-E Fig. 7-F 

Anteroposterior and lateral roentgenograms three months after operation. The planter has been 
removed. 



Fig.T-G Fig 7-H 

Anteroposterior and lateral views, fifteen months after operation. 


of failures in cases treated either bj- the nail or the scren* that tve began to favor the 
intertrochanteric osteotomy. Even more important was the fact that no possibilit.v e.^isted 
of foreseeing or predicting the result ndth metal fixation, and it made us feel that this form 
of treatment was uncertain. However, in spite of the fact that results were satisfactorx- 
^ with intertrochanteric osteotomy, we sought a better method in the hope that we could 
get union and at the same time preserve better function. Since we had previously noted the 
absence of aseptic necrosis in the cases of slipped epiplij'ses treated by reduction and bone- 
grafting, a similar procedure was considered for recent traumatic fractures of the neck of 
the femur. 

To date, twenty-five such cases have had primaiy- bone-grafting after clo-ed reduction. 
Twelve of these have been analyzed, and all of them show xmiformly good results. The 
point which is most interesting is that, if the roentgenogram shows satEfactoiy* finding- in 
this group at four months, they will be better at six months, and still better in ten months. 
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Also, there was a notable absence of the surprises which were so usual in the subsequent 
roentgenograms of cases treated with metal fixation. 

TECHNIQUE OF OPERATION 

Under spinal anaesthesia, the patient is placed carefully on an orthopaedic operating 
table, and closed manipulation is carried out as often as is necessary until good reduction 
has been demonstrated in both anteroposterior and lateral roentgenograms. The operative 
field is then prepared, and a short incision is made over the upper end and the shaft of the 
femur. The tubercle of the vastus lateralis is identified, and a wire is started up the neck 
from a distance two centimeters below this point. The wire is of a known length and, when 
eight centimeters have gone in, its position is checked by roentgenogram. This is repeated, 
if necessary, until a favorable position of the wire has been obtained. A perforation along 
the neck is then made with a hollow drill, ivhich follows the wire as a guide. When this has 



Fig. 8-A Fig. 8-B 

Fig. 8-A: Case 18225. Anteroposterior vieiv, taken before operation, in patient fifty-tivo years old. 
Fig. 8-B ; Lateral roentgenogram, taken before operation. 
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Fig. 8-E: Roentgenogram taken one month after operation, while patient was in a plaster cast. 
Fig. 8-F: After removal of the plaster, three months after operation. 



Fig. 8-G Fig. S-H 

Fig. S-G; Lateral view, eight months after operation. 

Fig. 8-H; Hip mobihty is normal, eight months after operation. 


gone in the appropriate distance, it is removed and a drill of larger size is introduced. In 
order to hold the position of redtiction, we have frequently fi.ved the head to the neck by 
two wires, one at the superior portion and one at the inferior portion of the head. In using 
reamers or progressively larger drills, care must be taken to avoid making a false path, and 
this is accomplished mostly by the “feel’’ of the instrument. 

A bone graft, triangular in shape and including the tibial crest, is taken from the tibia. 
The desired length and width of this graft should be determined by the ehannel made in the 
neck of the femur. The graft is then driven carefully into the cieated tunnel, care being e.x- 
ercised that it is the proper size and that it goes in the proper direction. Roentgenograms are 
again taken to be certain of the correct position of the graft, and the films must be inter- 
preted very carefully. Usually at least eight roentgenograms are necessary, and often more. 
The wound is then closed and the patient is placed in a single hip spica for three months. 
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CONCLUSIONS 

1. A relatively large number of fractures of the neck of the femur occur in which nc 
active attention can be given to the fracture, because of the general condition of the 
patient. About 65 to 70 per cent, of the cases receive active treatment for the fracture. 

2. Various methods of treatment Avith metallic fixation leave a great deal to be desired 
as to the outcome. 

3. Osteotomy as a primary therapeutic procedure allows more certainty in the predic- 
tion of results, but demands the sacrifice of part of the function of the hip. 

4. Primary bone-grafting after closed reduction eliminates the disadvantages of the 
methods described here; that is to say, it Avill more surely prevent aseptic necrosis and neck 
resorption, and at the same time it will maintain better hip function. At the present time, 
we prefer this method of treatment to all others, because the results have been better. 


PSEUDARTHROSIS IN THE LUMBOSACRAL SPINE * 

BY MATHER CLEVELAND, M.D., DAVID M. BOSAVORTH, M.D., -AND FREDERICK R. 

THOMPSON, M.D., NEAV YORK, N. Y. 

From the Orlhopaedic Service of Si. Luke’s Hospital, New York City 

Some in this audience AAdll remember the furor Avith AAdiich surgical fusion of the spine 
Avas greeted aaLcu it aa^rs first proposed. Despite the fact that various complications soon 
became apparent, this procedure, at first proposed for tuberculosis of the spine, Avas grad- 
uallj’’ extended to include the treatment of many conditions. Among these AA’^ere numerous 
disabling lesions inAmhang the lumbosacral area. The obvious dangers of mortality and 
complications after such operations have been fairly aa^cII established, and accounts ofpseu- 
darthroses or failures of continuit}'' in desired fusion areas have been recounted in a feAV series. 
ComparatiA'’e statistics or percentages of pseudarthroses deA'^eloping as a result of operative 
procedures employing A^arying techniques, carried out by the same limited personnel, are, 
to our knoAAdedge, not available. AVhile the operations reported here AA^ere all performed by 
three surgeons, they Avere carried out at six different institutions. This Avould indicate that 
the results AA^ere not due to unusual hospital advantages, but AA'ere the result of uniform 
surgical technique and ability. The mortality and complications have proved to be of minor 
importance. Failure of accomplishment of the desired end — namely, successful arthrodesis 
of a selected series of A^ertebrae in the lumbosacral region — has proved to be of major im- 
portance. YVe shall hereAA'ith reAucAV and report failures of fusion occurring in a consecutiA’c 
scries of patients in AA'hom arthrodeses AA'ere attempted across the lumbosacral joint. The 
paper AA'ill be dmded into tAA'o main parts: first, the incidence of pseudarthrosis in fusion 
of the lumbosacral spine; and, second, statistics regarding the repair of pseudarthroses. 

* Road at the Annual Meeting of Tlie American Orthopaedic Association, Hot Springs, Virginia, 
June 27, 1947. 
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table I 

Relation of Pseudarthrosis to Extent of Fusion and Number of Patients with 
Solid Fusion Not Relieved of Pain 


Fusion 

Intervals 

No. of 
Operations 

Pseudarthroses 

Pseudarthroses 

Solid Fusion without 
j Relief of Pain 

No. 

j Per cent. 

With 

Pain 

Without 1 
Pain 

Xo. ! 

Per cent. 

Fifth lumbar to first sacral 

145 

5 

' 3.4 

3 

1 

2 

1 

17 j 

11.7 

Fourth lumbar to first sacral 

357 

62 

17.4 

36 

26 

15 

4.2 

Third lumbar to first sacral 

i 

78 

26 ! 

1 

33.3 

15 ^ 

11 

1 

1.3 

Second lumbar to first sacral 

18 

6 1 

33.3 

4 

2 

0 j 

0 

i 


INCIDENCE OF PSEUDARTHROSIS IK FUSIONS OF THE LUMBOSACRAL SPINE 

Pseudarthroses in the Total Series 

Clinical Incidence: In this series of cases, 647 operative procedures were carried out ou 
594 patients. The average postoperative follow-up period has been thirty-four months. 
No result has been accepted as regards solidit}' of fusion with less than one j’-ear of follow- 
up, unless controlled by both lateral roentgenograms in flexion and extension and by 
anteroposterior roentgenograms in right and left bends. Among the 594 patients upon 
whom spine fusion was performed, pseudarthroses developed in 119 instances or 20 per 
cent. This represents a percentage of basic failure which requires improvement. 

Trite Incidence: Scientifically and factualh>-, it has seemed important to determine the 
development of pseudarthroses according to the number of intervertebral spaces involved. 
Among the 594 patients, 1,329 spinal intervals were bridged. Pseudarthrosis occurred at 
16 1 intervals among these patients, or 12.1 per cent. This represents the relative ineffi- 
ciency of this type of surgery. 

Incidence of Pseudarthrosis as Related to Extent of Fusion: We had expected that the 
percentage of pseudarthrosis would rise rapidly as the number of spinal intervals which 
were crossed increased. This was found to be true. Wlien the fifth lumbar inten^al alone 
was bridged, pseudarthrosis developed in only 3.4 per cent.; when fusion of the fourth and 
fifth lumbar intervals was attempted, pseudarthrosis developed in 17.4 per cent.; as an- 
other interval was added, covering the third, fourth, and fifth lumbar intervals, the pro- 
portion rose rapidly to 33.3 per cent., and remained relatively the same as other inter- 
vals were added (Table I). A patient was often relieved of preoperative symptoms, in 
spite of tlie dci^elopment of pseudarthrosis. Of all patients in whom pseudarthroses de- 
veloped, 41.4 per cent, were relieved of the pain and disability which had been present 
before operation. 

This analysis showed that a certain number of patients were unrelieved, oven though 
' solid fusion developed. This percentage rapidW decreased from 11.7 to 0 as the number 
of intervals successfully crossed was increased from one to four. To secure relief of symp- 
toms for the greatest percentage of patients requires, therefore, a delicate balance. As the 
area of fusion is lengthened, there is an increase in the incidence of pseudarthrosis. but a 
marked decrease in the number of patients with solid fusion who are unrelieved of their 
symptoms. 

Influence of Bending Roentgenograms on Results: Failure of fusion was demonstrated 
much more frequently when roentgenograms of front and side bending (biplane) were 
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superimposed (Fig. 1) than by the use of flat roentgenograms and clinical observation. 
In these biplane roentgenograms, the lateral flexion and extension plates should show the 
fused elements completely superimposed. In the superimposed anteroposterior lateral- 
bending roentgenograms, the fused elements appear as if stereoscoped, but the borders of 
the bodies of the spinous and transverse processes are parallel h As early as 1933, lateral 
flexion and extension roentgenograms were occasionally used (Fig. 2). For more accurate 
determination, we frequently connect comparable points on the vertebrae with lines and 
superimpose these. Since 1940, roentgenograms with motion in two planes have been 
superimposed in order to denote solid arthrodesis. The use of such superimposed roentgen- 
ograms has increased the known percentage of pseudarthrosis, when tabulated both as to 
clinical incidence and true incidence. 

In a review of this series of cases, only 11.8 per cent, were diagnosed as having failure 
of fusion by clinical judgment and flat roentgenograms. In 21 per cent, of the patients, 
pseudarthrosis was shown by biplane bending roentgenograms. The authors believe that 
the increased percentage shown to have pseudarthroses by the bending roentgenograms 
indicates accurate^ that clinical judgment, aided by flat roentgenographic plates, does 
not truly establish the number of pseudarthi-oses present in any series. 


Relation of Pseudarthrosis to Primary Lesion for which Arthrodesis TFas Performed 

Posterior Herniation of the Intervertebral Disc: Here are grouped only those cases which 
had frank herniations of the disc with vmequivocal extrusion of material. All cases with 
bulging of the disc, et cetera, are excluded and placed under the heading of lumbosacral 
strain. Of the typical posterior herniations of the intervertebral disc, pseudarthroses de- 



Fig. 1 

Biplane bending roentgenograms, superimposed, are essential for determination of the presence of 
pseudarthrosis. In the lateral view, such roentgenograms should be accurately superimposed in the 
arthroclesed area. In the anteroposterior view, the elements will appear as if stereoscoped; but tin- 
borders of the vertebral bodies, et cetera, will be parallel if fusion is solid. 


Tiin joi'RN'AT. or BONE .\ND JOINT sunoritv 



PSEtTDARTHROSIfe IX THE LUMBOSACRAL SPIXE 


305 


TABLE II 

Relation' of Pseud \rthrosis to Primart Legion' 
FOR w mcH Fusion- W as Performed 


Diagnosis 

Xo of 
Operation- 

Pseudarthroses 

Xo. ^ 

Per cent. 

Posterior herniation of intervertebral disc 

l.oS 

18 

11 4 

Lumbosacral strain 

28!) 

6.5 

22 5 

Tuberculosis 

.31 

5 

16 1 

Spondj-Iolisthesi- 

6') 

16 

23 2 

Arthritis 

37 

11 

29 7 

All other- 

16 

4 

25 0 


veloped in 11.4 per cent. (Table II). This low percentage is believed to be due to the uni- 
versal use of the clothespin graft, plus quantities of additional bone. 

Lumbosacral Strain: In this group were placed all patients with chronic lumbosacral 
backache, non-specific sciatic sj'mptoms, and lesions, the basic pathology of which was not 
clearly disclosed before or after operation. Failure of fusion developed in 22.5 per cent. 
Before 1940, when biplane bending roentgenograms were not required, there was an inci- 
dence of pseudarthrosis of onlj’- 15 per cent. Following 1940, with all cases controlled by 
such roentgenograms, the percentage of pseudarthroses rose to 21.3. Here, again, is clear 
indication that pseudarthroses are missed with flat roentgenograms and clinical examina- 
tion alone. 

Tuberculosis: Under this heading were included onlj'' knorni tuberculous lesions of 
the spine. Any questionable lesions of this nature were placed under the heading of arth- 
Vritis. Pseudarthroses developed in 16.1 per cent, of cases. 

Spondylolisthesis: Spine fusion was carried out on sixty-nine occasions, with develop- 
ment of pseudarthrosis in 23.2 per cent. Before 1940, the incidence of pseudarthrosis was 



Fig. 2 


I'inU 1 , ^ flc\ on and cMcnsion ropntpcnogram<= alone arc not sufficient Tlu-e acre u=ed a-, 
M P'‘’»<lo''thro<cs have been <Iio« n to e\i-t by the anteropo=tenor Lateral-bendin-- \ntw- 

M hen the lateral views in flexion anil extension superimpo-e m itli complete accuraev ’ 
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TABLE III 

Development of Pseudartiirosis after Various Types of Operative Procedure 


Technique 


No. of 
Operations 


Pseudarthroses 


No. 


Per cent. 


Trisacral fusion 

Double clothespin graft 

Iliac strips 

Local bone 

Hemifusion 


85 

356 

74 

40 

45 


9 

68 

16 

12 

14 


10.6 

19.1 

21.6 

30.0 

31.1 


TABLE IV 

Repair op Pseudartiirosis 


Number of pseudartiirosis repairs 43 

Repaired once 29 

Repaired twice 4 

Repaired three times 2 

Total number of patients 35 


35 per cent. After 1940, when double clothespin grafts of iliac bone supplemented by iliac 
strips were first used, the incidence of pseudarthrosis dropped to 16.3 per cent. 

Arthritis: Of thirty-seven patients treated by fusion operation, pseudarthrosis de- 
veloped in 29.7 per cent. 

All Others: There were sixteen cases with such diagnoses as foreign body, fracture" of 
the lamina, hemivertebra, or scoliosis. Pseudarthroses were found in 25 per cent. 

Pseudarthroses Developing from Various Types of Operative Procedure 

Trisacral Fusion: The lumbosacral joints were crossed in this operative procedure 
in eighty-five instances, vdth the development of pseudarthrosis in 10.6 per cent. (Table 
III). In the majority of cases this operative procedure was performed where the fifth lum- 
bar vertebra alone was added to the sacrum, covering only one interval. For this reason a 
high percentage of successful arthrodeses resulted. Further analysis of the series shows 
that most of the pseudarthroses occurred where both the fourth and fifth lumbar inter- 
spaces were crossed. Where the fifth lumbar vertebra alone was arthrodesed to the sacrum, 
only 3.3 per cent, of pseudarthroses occurred. When both the fourth and fifth lumbar 
vertebrae were fused to the sacrum, 29.2 per cent, of pseudarthroses appeared, almost 
ten times as man}’- as when a single interval was crossed. 

Double Clothespin Graft: The double clothespin graft was used in 356 operations; 19.1 
per cent, of pseudarthroses resulted. Analysis again shows that the number of intervals 
crossed determines the percentage of pseudarthrosis encountered. In operations in which 
the fifth lumbar vertebra was fused to the sacrum, one case of pseudarthrosis was found or 
2.1 per cent. When two spinal intervals were crossed, 16.2 per cent, of pseudarthrosis oc- , 
curred. When three intervals were crossed, the pseudarthrosis rate rose to 39.2 per cent. 

Iliac Strips: In seventy-four operations, strips of iliac bone were used without other 
support; pseudarthroses developed in 21 .6 per cent. This is nearly as good a record as with 
the double clothespin graft. Immediate stabilit.y following operation, however, is lacking. 

Local Bone: When bone from the posterior elements of the vertebrae themselves was 
used, without reinforcement of osseous material from adjacent structures, the percentage 
of pseudarthrosis rose to 30. 
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TABLE V 

Location* of Pseudarthrosis and Intervals Invol'^'ed 


Multiple Locations 

Intervals Involved 

No. of 
Interspaces 

No. of Cases 

! 

Location 

No. of Times 

1 

19 

Second lumbar 

3 

2 ' 

12 

Third lumbar 

6 

3 

4 

Fourth lumbar 1 

31 

4 

2 

Fifth lumbar 

j 

23 


Total number of pseudarthrosis intervals 63 


Hemifusion: In fort 3 ’’-five operations, iliac strips of bone were placed entirelj’ on one 
side of tbe spinous processes, in contact with the underl 3 'ing laminae. Of these, pseudar- 
throsis developed in 31.1 per cent. The authors had expected to find this method of fusion 
more satisfactor 3 ’' in this area of the spine. 

Arthrodesis of Only the Fourth to Fifth Lutiibar Interspace 

Arthrodesis of the single interval at the fourth lumbar vertebra was performed on six 
occasions for disc hernia. In three, the fusion had to be extended to the sacrum, and two 
other patients are still partiall 3 " disabled with lumbosacral complaints. 

Mortality 

y Although this summar 3 ' is concerned mainh' with the development of pseudarthrosis, 
'the mortalit 3 ’' is reported for the entire series. There were six deaths. Two resulted from 
shock, two from infection, one from nephritis with resulting anuria, and one from embolus. 
This represents a mortalit 3 " rate of approximatel 3 ' 1 per cent. Transfusions have been ad- 
ministered routinel 3 ' since 1942, starting with operation, and since that date shock has 
not been a problem. 

STATISTICS REGARDING THE REPAIR OF PSEUDARTHROSIS 

Of the 119 patients in whom pseudarthrosis developed, onh- thirt 3 '-five returned to 
the authors for repair. j\Ian 3 ' of the remainder had s 3 *mptoms insufficient to demand surgi- 
cal treatment. A few refused further care or went elsewhere for repair. Fortv-three repairs 
were done on these thirt 3 *-five patients (Table IV). In four instances, two repairs were car- 
ried out on each patient; and in two instances, three repairs were done. Of the twent 3 '-nine 
others, each had one attempt at repair. The average time inten-al from the original spine 
fusion to repair of the pseudarthrosis was 24.2 months. The average length of follow-up 
has been 44.9 months. The average age of the patients was 35.6 3 *ears. No case was ac- 
cepted for stud 3 ' until at least a 3 -ear after operation or unless the result had been 
checked b 3 ^ biplane bending roentgenograms which were superimposed. Since in no in- 
stance in the whole series have we seen a spine fusion become solid later than eight months 
after operation, when checked b 3 - biplane bending roentgenograms, we have accepted re- 
sults as regards pseudarthrosis as final after such a period, when so controlled. One death 
occurred in tliis scries of patients operated upon for repair of pseudarthrosis. This death is 
the one previoush' reported as resulting from anuria due to nephritis. 

Preoperative flexion roentgenograms in two planes have been required in all ca-es 
since 1940. Of thirty-one patients, on only one occasion did biplane bending roentireno- 
grams fail to show that a pseudarthrosis was present. In twelve cases in which flat roent- 
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TABLE VI 

Failure of Pseudarthrosis Rep«r Accordi.n-g to Original Diagnosis 


Diagnosis 

1 

Xo of 
Operations 

1 Xo. of 

Persisting 
Pseudarthroses 

Failures 
(Per cent.) 

Posterior herniation of intervertebral disc 

9 

4 

44 4 

Lumbosacral strain ! 

20 

6 


Tuberculosis . . j 

8 

2 


Spondylolisthesis 

4 

1 

1 25 0 

.\rthritis ^ 

2 

1 

0 

0 


genograms alone ivere taken, fouv or 33.3 per cent, failed to show pseudarthroses which 
were found later at operation. Furthermore, -we have on many occasions seen apparentlj’- 
solid fusion in lateral flexion and extension roentgenograms, whereas anteroposterior 
lateral-bending roentgenograms showed pseudarthrosis to exist. It is the authors’ firm 
conidction that all cases of fusion in the lumbosacral spine must be checked with biplane 
bending roentgenograms for satisfactorj’ statistics to be secured. 

Location of Pseudarthrosis 

The forty-three operations for repair of pseudarthrosis covered sLxty-three spinal 
intervals with failure of fusion; in other words, more than one pseudarthrosis ivas found 
at operation in several of the patients. Most of the pseudarthroses were located at the 
fourth lumbar interspace; the next most frequent number were at the fifth lumbar inter- 
val (Table V). The great number found at these two intervals is accounted for bj' the fact 
that most of the spine fusions crossed them. Although all operations crossed the fifth 
lumbar interspace, the greatest number of pseudarthroses were at the fourth lumbar. 
\Th\s may be because of the relative instability of the fourth lumbar as compared with 
the fifth lumbar. In the twenty-five instances in which a single pseudarthrosis was found, 
six or 24 per cent, failed of repair. Of the twelve patients with two pseudarthroses each, 
only 50 per cent, success was obtained at repair. In the remaining six patients with more 
than two pseudarthroses, the percentage of success was even lower. Repair of pseudarthrosis 
is appreciably more difficult than original fusion. 

Success of Pseudarthrosis Repair as Based upon Original Diagnosis 

Nine repairs of pseudarthrosis were performed in which the original diagnosis was 
posterior herniation of the intervertebral disc (Table VI). There was failure to secure 
ankylosis in 44.4 per cent. Where lumbosacral strain had been the original diagnosis, 
there were twenty cases nith 30 per cent, of pseudarthroses developing after attempted 
repair. Among eight patients with an original diagnosis of tuberculosis, there was 25 per 
cent, failure of repair. Spondylolisthesis patients showed 25 per cent, failure of refusion. 
Two arthritic patients who had pseudarthroses repaired both secured solid ankylosis. 

TABLE VII 

Uel-i-TIOn of F.mlure of Pseud \nTHROsis Repair to Type op Operation- Used 



1 . 

! Failures 

Technique 

Xo. of 1 



Xo. 

Per cent. 

Operations j 

Biac strips .... 

1 

IS 

4 

op o 

Double clothespin graft . 

14 

4 

28 G 

Xcw procedure 

I-oca\ bone . 

7 

4 , 

2 

3 ; 

28 0 
i 75 0 
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Relation of Failure of Pseudarthrosis Repair to Type of Operation 

In eighteen patients, iliac strips were used on both sides of the mid-line, with four 
failures or 22.2 per cent. (Table VII). These Avere the simpler cases. When the clothespin or 
buttress graft Avas reapplied, together Avith iliac strips, there AA^ere fourteen cases Avith four 
failures, a percentage of 28.6. A ncAv procedure Avas developed for the more difficult cases 
(multiple pseudarthroses), in an attempt to reduce the percentage of failure. By this t 3 ^pe 
of procedure, seven cases have been treated AAuth tAvo failures (28.6 per cent.). Since these 
Avere the cases Avith tAvo or more pseudarthrosis intervals each, it can be seen that the re- 
duction from 50 per cent, failure to 28.6 per cent, failure may represent a real advance. 
This operation aadII be described hereAAuth. Local bone AA^as used on four occasions AAuth three 
failures (75 per cent.). These cases AA^ere treated many years ago, before it had become 
routine to add iliac or other bone strips. 

In three patients a typical herniation of intervertebral-disc material Avas removed 
from beneath a pseudarthrosis. 

Postoperative Care 

Plaster jackets Avere used postoperatively for five months or more in tAA^enty instances. 
Of these, neAV pseudarthroses deAmloped in seA'-en or 35 per cent. In vieAV of this percentage 
of neAV pseudarthroses, we feel that the jacket maj’- be dispensed AAuth and a reinforced 
lumbosacral corset used. 

Causes for Development of Pseudarthrosis 

These cases have been explored carefulljL Certain outstanding causes of failure of 
fusion were noted. In all but ten instances, there seemed to be a definite factor AAffiich one 
could recognize for each particular case. In thirteen instances it AAms clearlj’- evident that 
an inadequate amount of bone had been used for grafting material. In fiA’-e instances the 
pseudarthrosis could be definitely ascribed to the use of solid, heavy tibial bone, not sup- 
ported by iliac bone or other fine strip grafts. Infection at the original operation for spine/' 
fusion, draining sinuses associated AAUth tuberculosis, hematomata resulting from the 
original fusion, et cetera, occurred in ten instances. In fiAm instances the solid spine fusion 
(as determined previously b^'^ biplane bending roentgenograms) had been fractured. In tAVO 
of these cases the spinous process at the upper end of a clothespin graft had been torn 
loose from the underlying laminae, and in three the fusion had been broken directlj'' across. 
Crossing of previous laminal defects seemed to be the basis of pseudarthrosis in ten in- 
stances. Of these ten cases, neAv pseudarthroses deAmloped in five on attempted repair, 
or a failure of 50 per cent. 

NEAA'’ TYPE OF REPAIR 

A new type of operative procedure has been used for the fcAV more difficult cases of 
pseudarthrosis (Figs. 3- A, 3-B, and 3-C). It consists essentially in denuding the laminae 
and the lateral margins of the articular processes, AAuth extension of the dissection to the 
bases of the transverse processes on one side only (hemifusion). The medial portion of the 
transAmrse process is likewise denuded. A thin, AAdde flap is remoAmd from the outer cortex 
of the ilium and implanted A^rtically on the transverse processes. Iliac strips are then 
placed oAmr the denuded posterior elements of the involved vertebrae themselves, the angle 
betAA’een the implanted masstye iliac graft and the mid-line being filled in. Wandering of 
the chips is prevented by the lateralty placed large iliac graft. Furthermore, contact is 
made with the transA'-erse processes and the outer surfaces of the articular facets, as Avell as 
across the preAUOUs spine fusion on one side. When this form of repair is used, only one 
side of the spinal area is dissected and one half of the pseudarthrosis area is seen. The 
remaining preAuous bony masses on the opposite side are left intact for such stability as 
thej" maj" alread 3 ' produce. 
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Although percentages have been indicated, too few of these operations have been 
'done for a final estimation of their efficacy. 

CONCLUSIONS 

1. The percentage of pseudarthrosis developing in spine-fusion operations in the 
lumbosacral region may be reduced bj’^ an adequate amount of bone of good texture, firmlj’’ 
implanted and free from infection. 

2. The possibility of pseudarthrosis should be discussed with the patient before 
operation in everj' instance, so that he is forewarned, and so that consent for repair maj^ 
more readily be obtained, when necessarj'-. 

3. One should avoid covering any greater number of spinal intervals than are abso- 
lutely essential in performing a fusion at the lumbosacral juncture, but the fusion should 
always extend to and include the sacrum. 

4. For statistical and practical purposes, it is useless to report a series of spine fusions 
at the lumbosacral juncture without control of the series by biplane roentgenograms, taken 
vith the patient in flexion and extension, and with right and left bends. The roentgeno- 
grams should then be accurately superimposed. Furthermore, even with such roentgeno- 
grams, a few instances of pseudarthrosis in anj-- series will fail to be recognized. 

Note: The authors wish to acknowledge the assistance, in the compilation of these statistics, of Kazuo 
Yanagisawa, M.D., and Alfonso Della Pietra, M.D. 

1. Boswohth, D. M.: Clothespin Graft of the Spine for Spondylolisthesis and Laminal Defects. Am. J. Surg., 
67: 61-67, 1945. 


DISCUSSION 

Dr. Joseph S. Barr, Boston, Massachusetts: Dr. Cleveland and his associates have presented a 
most interesting paper on a timely and important subject. Spine fusion is an important procedure in the 
.armamentarium of the orthopaedic surgeon. It is necessarj- that we re-examine all of our patients who have 
'had fusion to determine what the percentage of failures is and to take such steps as nill enable us to lower 
tli.o percentage of failures. Dr. Cleveland has stated that the major causes of failure of fusion are: (1) the 
use of an inadequate amount of bone, (2) infection, and (3) fracture of the graft. To this list of important 
factors I would like to add some additional points. 

1. Complete fi-xation of the segments to be fused, so that all motion is obliterated, should be our aim. 
Fixation by external means, such as plaster casts and shells and prolonged bed rest, is demonstrably in- 
effective, for varjdng amounts of motion occur, no matter what tj-pe of apparatus is used. The double clothes- 
pin graft, or H graft as I prefer to call it, is a very effective means of immediate internal fixation, and I 
think that where it can be used, it represents a definite advance in technique. 

2. The use of screws across the facets and bone plates between spinous processes has become popular 
in certain clinics. There are disadvantages to the use of metals which may outweigh their advantages. 

I agree with the authors’ conclusions that, if the fourth lumbar space is fused, the fifth lumbar must be 
included. Dr. Cleveland has omitted reference to what, if anj-thing, he does to the articular facets at the 
time of fusion. This is a difficult question. They can be left untouched. They can be cut across and bone 
grafts laid over them. They can be curetted and excised or a key graft placed across the facet, as advocated 
by McBride. There is room for further study of this problem. Theoretically, at least, if one succeeds in 
obtaining fusion of the articular facets, motion between the involved segments will be obliterated. Fractures 
through the neural arches may occur, however, unless additional bone is used. 

I believe that careful preparation of the bed and of the facets, as advocated by Hibbs, plus the use of 
an H graft with additional cancellous bone from the ilium, is the most satisfactorj- method of fusion available 
^ tod.ay. 

No matter what method is used, biplane bending roentgenograms, taken after one year, will reveal 
pseudarthrosis in an unpleasantly high percentage of cases. Repair of the pseudarthrosis is unnecessary in 
about 50 per cent, of the c.ascs, as clinically they arc asj-mptomatic. 

I find myself in complete agreement with the authors in practically all of their major premises, and 
wish to congratulate them again on an excellent paper. 

Dr. Eugene M. Regen, N-vshatele, Tennessee: You have heard another t\-pical Cleveland, Bos- 
worth, and Thompson report. The tremendous value and .significance of this anah-ids cannot be appreciated 
in the short time they kave had to present their findings, and 1 would urge their careful examination in less 
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hurried moments. I could profitably emphasize many of tlieir conclusions, but the virtues of their paper ar 
so obvious that I shall confine myself to some few questions that have arisen as I read this report. 

1. A curve to indicate the incidence of pscudarthrosis year by year, as new operative procedures de 
veloped and as the surgeons improved their technique, might be enlightening. 

2. No report was made on the type of postoperative care following the original fusion. It is my opinioi 
that there now e.xists over the country a distinct trend toward inadequate postoperative fi.vation and bed 
rest following spine fusion. One wonders whether the prospect of a relatively short period of bed confinemeni 
may serve as an inducement for the patient to accept this major operative procedure. Since the incidenet 
of pscudarthrosis varies inversely with the security of the fifth, fourth, and third lumbar vertebrae to the 
pelvis and their distance from it, I believe that this would indicate the use of adequate plaster fivation and 
bed confinement for from two to three months after the operation. 

3. In discussing the causes of pscudai-throsis, the authors did not mention the possible influence oi 
spinal fluid escaping after the accidental opening of the dura. AH of jmu who have e.xplored the spinal canal 
know that this is not an infrequent occurrence. 

4 . The authors have proved conclusively the value of biplane bending roentgenograms. The3’^ require 
the accurate superimposition of corresponding points on tire roentgenographic films, but it is a fact that 
fibrous fixation alone can be secure enough to prevent the detection of motion at a given vertebral joint 
by the method of examination they describe. 

5. The paper states that the relief of s^’-mptoms is dii-ectly proportional to "the length of successful 
fusion above the sacrum, but the authors did not emphasize the danger of limiting a worldng man’s use- 
fulness by stiffening too many of his lumbar joints. 

6. Since the vast majority of lumbosacral operations are perfoi-med for mechanical disorders, with or 
wdthout nerve-root compression, I believe one should univcrsallj^ perform the fusion from the sacrum to 
the fourth lumbar vertebra only, unless there is a distinct indication to go higher. 

7. The necessary period of postoperative fi.xation is usually followed b\' temporary stiffening of joints 
above the site of fusion. I routinely cmploj'- a set of simple exercises, begun three months after operation, 
which have materially shortened convalescence. These exercises mobilize the joints above the site of fusion, 
and greatly strengthen the glutacus maximus and anterior abdominal muscles. 

8. My experience does not compare with that of the authors in number of cases. Mj’’ postoperative 
follow-up does not meet their criteria, but observation of mj' own patients has not revealed pscudarthrosis 
to be noticeably prevalent. I feel reasonably sure that it is well under the 20 per cent, which the authors 
report in their series. 

9. Finally, even though a painful pscudarthrosis does exist, the symptoms can often be largelj', if not 
entirely, relieved, and a secondaiy operation can be avoided bj'’ postural e.vercises which tend to remove 
the stress and strain from the site of abnormal joint irritation. 


Dh. Alan DeFohest Smith, New York, N. Y.: It has been the habit at the New York Orthopaedic 
Hospital to make periodic surveys of the results of fusion operations. The results in the lumbosacral cases 
have been comparable to those which Dr. Cleveland reported. 

Our first survey showed 12 per cent, of failures at the fifth lumbar, and 20 to 30 per cent, between the 
fourth and fifth lumbar; and that has continued, although we have reduced the percentage to 8 at the lumbo- 
sacral joint. The failures between the fourth and fifth lumbar vertebrae still remain high. That seems to be 
the critical point. Internal fixation has not helped. In any case in which fusion extends above the fifth 
lumbar, I believe that a double spica should be used, and the patient should bo confined to bed for at least 
eight weeks. 

I was interested to see the results with the clothespin graft, and to note that tliey showed no difference 
from those cases in which other methods were used. 


Dr. D. M. Bosworth (closing): This study was attended by a great deal of difficulty. We tried to di- 
vorce entirely the question of pscudarthrosis from that of rccovciy on a symptomatic basis. 

All these fusions were done bj"^ three surgeons only. They were a control series, not done by residents, 
but accuratety performed bj’" careful, well-trained men. They were performed in six hospitals, so there was 
no variation in incidence of complications based on the type of hospital used. 

The postoperative care in most of the cases has been two and one-half to three weeks of bed rest, and 
thereafter a lumbosaci'al belt reinforced with light steel. The biplane bending roentgenogram was established 
for the purpose of follow-up accuracJ^ A few cases of pscudarthrosis will be unrecognized, even with biplane 
bending roentgenograms. In our scries, in only one instance was pscudarthrosis unrecognized bj' such roent- 
genograms. Patients securing solid fusion become free of back disability, as a rule. They do not notice loss 
of spine motion clinicallj'. As to the tight graft, I know of one H graft which was placed too tightly bj' the 
surgeon. 

As to the question of removal of the articular facet, the facets were usually left intact in our cases. 11 a 
large series were run without debridement of the articular facet, and the percentage remained the same as 
with debridement of the articular facet, we would feel that that particular procedure would not be ncccssarj . 
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CARTILAGINOUS-CUP ARTHROPLASTY IN UNUNITED FRACTURES 
OF THE NECK OF THE FEIMUR * 

BY JOHX ROY'AL XIOOKE, XI.D., PHILADELPHLA., PEA'XSTLVAjS'IA 
From Temple University Hospital, Philadelphia 

Ununited fractures of the neck of the femur have been less frequent since the rexdval 
: internal fixation of acute fractures of the femoral neck, in 1931, bx- Smith-Petersen and 
is associates. In a recent reviexv of 300 fractures of the femoral neck, Boyd and George 
;port union in 86.5 per cent, and non-union in 13.5 per cent. However, ununited fractures 
[ the neck of the femur are a greater problem today, since the rexdval of internal fixation, 
lie to the fact that the head of the femur and the trochanteric area are often irreparably 
amaged by the internal-fixation elements themselves. It is not unusual to encoimter 
irge defects in the trochanteric area and in the head of the femur, and in mam* instances 
1 the cartilage of the head and the acetabulum, which have resulted from nails, screws, 
r various types of pins. The emploxunent of the bone graft in ununited fractures of the 
eck of the femur, as adx'ocated by Albee and others, which was frequently used in the 
ite 1920’s and the early 1930’s, is usually contra-indicated, principall}' because of the 
tructural defects alread}'’ referred to. Aseptic necrosis of the head continues to persist 
dth slight, if any, reduction in its frequency, in spite of internal fi.xation. Absorption of 
he neck of the femur (both the shaft and the head fragment) is often more pronounced 
han formerl}', due either to failure to recognize the non-union earlj’ or to persistent re- 
ention of the internal-fixation apparatus in the hope that, by a miracle, union max* occur. 

All of these factors plaj'- an extremelj’’ important part in the selection of the procedure 
0 be employed in the treatment of ununited fractures of the femoral neck. The xxriter 
lix'ides ununited fractures of the neck of the femur into three classes; 

Class I: Non-union xidth a xdable head and xx-eU-preserx'ed neck fragments. 

Class II; Non-union x\ith a xdable head and complete, or nearlx- complete, absorption 
jf one or both neck fragments. 

Class III; Non-union XN-ith absorption of the neck fragments and a dexdtalized head. 

The bone graft, recommended by Albee, or the bone graft combined with internal 
pin fixation, recommended by Gallie, and the osteotomies suggested bx^ Pauwels, Lead- 
xetter, Dickson, Schanz, and hlcMurray, are especially suited for cases in Class I. The 
reconstruction operations of Brackett, Luck, and IMagnuson, and similar procedures, are 
particularly indicated for fractures in Class II. The reconstruction procedures adx'ocated 
by lYhitman, Albee, Colonna, Lorenz, Smith-Petersen, ^\'ilson, and others may be em- 
ployed in the fractures of Class I, but seem particular!}' indicated in Class II or Class III, 
where loss of the neck and a “dead” head are present. All of these operatix'e procedures 
are weU kno^x•n, and time and space do not permit a detailed description of the technique 
of the operations or a discussion of their relatix’e merits. 

The cartilaginous-cup arthroplasty was dex-ised by the xxTiter in 1938, and should be 
properly regarded as a modification of the Brackett operation. Wagner, in 1929, adx'ocated 
remox-ing the head of the femur, reaming out the head, and fitting it to the neck of the 
femur, thus restricting its use to those cases in which the distal fragment of the neck 
persisted. 


TECHNIQUE 

Briefly, the cartilaginous-cup arthroplasty consists in removing the femoral head and 
reaming out the osseous portion until only a cartilaginous cup xx-ith a x-erx- thin layer of 

■’s -tnnu.al Mooting of Tho Amorican Orthopaodic .Xs.-ociation, Hot Spring-', X'irginia, June 
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bone (one-eighth of an inch or less in thickness) remains. The cup then readily transmits 
light (Fig. 4,b). A small section of the trochanter is elevated and reflected with its attach- 
ment to the glutaeus medius. The end of the femur is then carefully rounded off with a 
cup reamer and the cartilaginous cup is fitted to it. The femur with its cartilaginous cup 
is then returned to the acetabulum, and the greater trochanter is reattached to the lateial 
aspect of the shaft, two or three inches below the cup level. (Figures 1 to 6, inclusive, are 
illustrative of the technique.) The wound is carefully closed in layers, beginning with the 
capsule and following Avith the vastus lateralis and glutaeus medius layer, then the fascia 
lata, the subcutaneous tissue, and the skin. A double hip spica, extending from the ankle 
to the nipple line on the side being operated upon and from the knee to the nipple line on 

the other side, is applied. The 
extremity operated upon is in 
maximum abduction, usuall}^ 
from 60 to 80 degrees, AAith 
the patella pointing straight 
up. A minimum of 60 degi-ees 
of abduction is essential. Oc- 
casionally an adductor tenot- 
omy is required to obtain the 
desired abduction. 

Certain points should be 
emphasized in carrying out 
this procedure. Complete 
hemostasis, clamping and tj"- 
ing all A^essels to prevent fret 
bleeding (except from bonj 
areas), is essential. The cui 
must be fitted snugly. I] 
should be placed accurately 
on the end of the femur, 
neither in valgus nor in ymrus, 
and AAuth neither anterior noi 
posteiior tilting. Its position 
should be maintained by aa ide 
abduction; this is accom- 
plished by abducting the fe- 
mur until firm resistance is 
met. A double spica is essen- 
tial to complete the immobili- 
zation. The foot on the side 
operated upon need not be included. The trochanter AAuth its gluteal attachments must be 
reattached in order to ensuie abduction poAA’-er. It should be reattached securely, preferably 
AA’ith a screAA^ in order that earlj'- union of the trochanter and the shaft may be obtained. 
Closure must be done AAuth extieme care to avoid hematoma. It is very important to ream 
the femoral head out thoroughly before the proximal end of the femur is rounded off, to ' 
prevent a small femoral fragment. The cup must fit very tightly; otherAAUse it A\dll slip off 
(Case 7). 

POSTOPERATIVE CARE 

Movement of the ankle, foot, and knee on the side not enclosed in the cast is begun 
after recoA'ery from the anaesthesia (spinal anaesthesia is employed in all cases), and is 
carried out hourly during AA’aking hours. Deep breathing, likeAA’ise, is done at hourly 



. Fig. 1 

The approach to the hip used in the cartilaginous-cup arthioplastj" 
(not original). 
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Fig. 4 


Illustrates the pieparation of the head, the light test, and the fitting of the head on the femur. 

intervals. The patient is turned every two hours during the day and every four hours 
during the night. On the twenty-eighth day the back half of the plaster, on the side on 
which the knee is enclosed in the cast, is cut and knee exercises are done at hourly intervals 
until flexion of 90 degrees or better is obtained. This usuallj'’ requires one or two weeks. On the 
forty-second daj’’ (six Aveeks), the thigh which Avas not opeiated upon is released. The hip 
spica on the side opeiated upon is remoA'^ed at the beginning of the eighth A\^eek, and bal- 
anced ti action is applied in the line of abduction. The extiemity is gradually brought 
doAA'n to approach the neutral position. The patella must be straight up so as to aAmid 
any external-rotation deformity. Active flexion, extension, and rotation exercises are 
emploj’-ed dining the traction peiiod. Weight-bearing is permitted at the end of the tenth 
AA^eek. 

By the end of the sixth month the patient usuallj'’ has approximately 80 degrees of 
flexion, 30 degrees of abduction, 5 to 10 degrees of adduction, and 180 degrees of extension ' 
This motion increases gradually up to one year. In case of pain in the hip or the knee on 
the side AAhich has been opeiated upon^ or a tendency to external rotation, the patient is 
confined to bed Aiitli a fii'e-pound to ten-pound AA’eight and pulley traction, until the 
discomfort has disappeaied. A moderate abduction defoimity occasionally peisists as 
long as si.x months. Three centimeteis of shortening maj* occur, depending upon the stnic- 
ture of the uppci end of the femur. This must be lounded off until a healthy bone suiface 
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or contact Math the head is encountered, thus causing the shortening. Shortening of less 
than two centimeters is not compensated for b3’ an elevation of the heel, as the tilt of the 
[Delvis compensates for the loss of the neck angle and maintains the acetabulum in a favor- 
abl}’- tilted position, thus offering the best assurance of stabilitj' in this t3’pe of procedure. 

RESULTS 

The cartilaginous-cup arthroplast3’' has been performed in nineteen cases in Class II 
and Class III, from 1938 until June 1947 . Eleven of the nineteen cases have been followed 
from one to nine 3’^ears. i 

The majorit3' of the patients were women, ranging in age from fort3'-four to sevent3'- 
seven 3'ears. Nine of the cases are considered to show excellent results. ^I. S. (Case 4 ) is 
considered to have had a fair result, in spite of the slight pain and the continued use of a 
cane, because he is happ3’^ and contented, and leads a normal life. Y. W. (Case 7 ) is re- 
garded as a poor result, even though pain is ver3’^ slight when a cane is emploA’^ed. The 
patient works dail3’’ and earns her own living. Shortening averaged one to three centi- 
meters, the majorit3’’ of patients having two centimeters or less. The characteristic find- 
ings in earl3' and late cases are illustrated in Figures 7 -A through 10 -C. 

The majorit3’’ of the patients complained of mild stiffness when the3' arose in the 
morning or after prolonged sitting. This disappeared after actir'it3' and, although regarded 
skepticall3’’ as an earl3’’ sign of degenerative arthritis, it has offered no problem to date in 
an3'^ of the patients in the group. 


COMPLIC.ATIONS 

Among the nineteen cases reviewed, there were three deaths. One patient, P. G. H., 
died twent3'-one da3"s after operation, and a pulmonar3- embolism was found at post- 



S-.4 Fig. S-B 

.tntcropo^tcnor and lattral views of cartilaginous cup, five niontks after operation. 
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Fig. ,9-A Fig. 9-B Fig. 9-C 

Fig. 9-A: E. W. Ununited fractuie of the neck of the femur (December 19, 1944). 

Figs, 9-B and 9-C: Anteroposteiior and lateral views of cartilaginous cup, twenty-five months after operation (April 29, 1947). This is one of the early 
cases, and an attempt was made to sew the trochanter to the underlvinc soft narts. Note marked improvement in this regard in the more recent cases, as 
shown in Figs. 7-A, 7-B, and 7-C, and in Figs. 8-A and 8-B. 
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Fid. lO-A Fki. lO-H Fid, tO-C 

Fin. lO-.V: A. M. Ununited friioturo of Iho neck of llio femur (Jnnuaiy 5, 10.38). 

I'ln-i. lO-li nnd 10-C : Anteropostciior nnd lateral viowa of cartilnKinous cii)) (July 20, 10 10). In lliia early eartilaninoua-eun artluoplasty, the tioehauler waa 
(Illy atlai'lied (imvcd in position). 'I'lio end result was o.'ccollont (see Tables 1, 11, and III and Fit's. lO-D and lO-E), 
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Fig. 10 -D 



Description of micioscopic findings by E E Aegeitci, M.D.: “One section was lemoved fiom 
the weight-beaiing portion of the head of the fcmui. The ai ticularsuifacc of this bone is covered with 
a la3'0i of caitilage, mcasuiing approximately five millimeters in thickness. The h3'aIino matrix is 
homogeneous and appears to be noimal in qualit3x Theie is a normal distiibution of lacunae 
thioughout this fiagmentof caitilage, and the cells n ithin the lacunae appeal to be noimal. Diicctly 
beneath this cartilage is adult bone. There is no recognisable epiph3’seal line and no evidence of nen - 
bone formation. Betneen the rathei coaise spicules aie a few manow cells, intcispcrsed between 
considerable amounts of fat. Diagnosis; noimal h3mlinc articular cartilage.” 


mortem examination. A second patient, S. T., died six weeks after operation, of a cerebral 
accident. The third patient, A. ]M., died nine 3’’ears after a cartilaginous-cup arthroplasty', 
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TABLE 1 


Follow-up Studies after Operation 


Ca=e 

Patient 

Se.v 

Age 

Postoperative Period 
(Years) 

Presence 
of Pain 

1 

A.M. 

Female 

63 

9 

Xone 

2 

A.F. 

Female 

72 

7 

Xone 

3 

A.R. 

Female 

72 

7 

None 

4 

M.S. 

Male 

63 

6 

Slight 

5 

A.McC. 

Female 

49 

3 

None 

6 

s.s. 

Male 

51 

3 

Xone 

7 

Y.W. 

Female 

53 

3 

Pain present 

8 

E.W. 

Female 

44 

2 

Xone 

9 

E.R. 

Female 

77 

1 

Xone 

10 

A.J. 

Female 

44 

1 

Xone 

11 

S.O.S. 

Female 

69 

1 

Xone 


TABLE II 

Range of Motion One Year .after Operation 

Ca'e 

Extension-Flexion 

(Degrees) 

Internal Rotation-External Rotation 
(Degrees) 

Abduction-Adduction 

(Degrees) 

1 

190-110 

30-30 

45-45 

2 

180-90 

10-10 

30-15 

3 

180-90 

30-30 

45-45 

4 

180-90 

30-10 

20-10 

0 

180-80 

30-10 

15-30 

V ® 

180-90 

20-20 

30-20 

\7 

193-110 

10-30 

45-30 

S 

190-110 

30-30 

30-30 

9 

180-60 

10-45 

30-0 

10 

180-90 

30-10 

20-10 

11 

180-90 

15-30 

30-20 


Df carcinomatosis. High-power and low-power microscopic sections of cartilage, taken 
from the head of the femur in this case, are shown in Figures 10-D and 10-E. A fourth 
patient, A. IMcC., has multiple sclerosis and has been confined to bed and to a walker 
since the second year after operation. There have been no operative deaths. In Y. W. 
(Case 7) the cartilaginous cup slipped off during the first three weeks, due to a poorly 
fitting head and lack of adequate abduction. This patient has a painful hip and degenera- 
tive arthritis, with a verj" thin joint line. 

DISCUSSIOX 

The cartilaginous-cup arthroplasty, first performed in 1938, differs from the Brackett 
operation, primarilj’, in that the head of the femur is converted fundamentally into a car- 
tilaginous cup. The procedure was first performed with a good deal of trepidation, due 
primarily to the fact that the consensus of the investigators was that hyaline cartilage 
would not survive transplantation. A reasonable questioning of this impression was per- 
missible because of the amazing restoration of the hip to practically normal motion, with 
a negative Trendelenburg sign and the absence of limp, and the appearance of a good joint 
line. The continuance of excellent joint motion and the absence of limp seemed to justifv 
repetition of the procedure. This patient died in 1947, nine years after the operation, 
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and a section of the cartilage from the head of the femur was obtained (Figs. 10-D aij 
10-E). The pathologist’s report"’ is as follows: ] 

“A section, removed from the weight-bearing portion of the head of the femur, is covered with a laj'i 
of hyaline cartilage, measuiing five millimeteis in thickness. The hyaline matrix is homogeneous and appeal 



Fig. 11-A Fig. 11-B 

Fig. 11-A: A cephalic view of a cartilaginous cup, three weeks old. 
(Patient died of pulmonary embolism.) The cartilage is blood-stained. 
It is firmly attached and could not be removed by vigorous twisting. 

Fig. 11-B: A lateral view of the same cartilaginous cup. Note the 
blending of the cartilage with bone. 

Fig. 12-A: Shows a six-week-old cartilaginous cup, attached to 
shaft This was so firmly attached that manual manipulation could not 
pull it loose. 



Fig. 12-A 



Fig, 12-B 

to be noimal in qualitj'. Theie is a normal distiibution of the lacunae throughout this fragment of caitilagc, 
and the cells within the lacunae appear to be normal. Directly beneath this cartilage is normal adult bone. 
A section taken from the non-weight-bearing portion of the femoral head shows a layer of cartilage which is 
indistinguishable from that described above. Sections from the acetabular rim show the usual fibrillar carti- 
lage with attachment of adult bony tissue. Diagnosis; normal Iwaline cartilage.” 

* Made by E. E. Aegerter, M.D., Professor of Pathologj', Temple University Medical School, Philadel- 
phia, Pennsylvania. 
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Fig 12-C 



fig. I'i-u 


, 12-B, 12-C, and 12-D. Descnption of microscopic finding* bv E E. Aeccrtcr, M D • “Scc- 

'I"® wcight-beanng area show it to be co% ered bv a 

in flm • '^'^*!‘®se The outer tv\ o-third* of tins tissue shows no evidence of hnng chondroblasts, but 
thirds ‘ lacunae are present and one can find ^^abIc cells Tlus suggests tliat the outer t wo- 
of this ’ ''i''-"' V’’ been pre-on ed Along the inner surface 

of the sort. conform to the contours of the cartilage At one side 

bean-ing?rn, ■ ‘ ■ ' provisional bone, which appears to 

secondaiw- fn .i,n , i .. r - t- 0™ might conclude that thi= proecs- lias developed 

ccondarj to the implantation of the cartilage Diagnosis; aaable cartilage ” ^ 
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A second patient, P. G. H., died six weeks after operation. The head and neck o 
femur (Fig. 12-A) were obtained for study. From the description of the microscopi 
ings (Figs. 12-B, 12-C, and 12-D), it will be noted that the superficial cartilage f 
dead, while the deep layers of cartilage are alive. Furthermore, “along the inner ^ 
of this cartilaginous layer the bony spicules conform to the contours of the cartilage, r 
would suggest that some osteogenesis has caused an arrangement of the bone lamel 
which is most efficient for stresses in this area. At one side there is a considerable amo 
of fibrous tissue and provisional bone, which appears to be arising from the under-. 
tilaginous layer. One might conclude that this process has developed secondary t( 

implantation of the cartih , 
Figures 11 -A and 11 . 
represent a cartilaginous < •, , 
three weeks old, taken from . 
patient who died of pj’h 
nary embolism. The largv d 
feet present in the head w 
caused by the nail used in t 
internal fixation. The i.et 
was securely attached ai 
could not be pulled off b 
manual efforts. Unfortc 
nately, the microscopic se( 
tions were lost before the 
were read. The early boi 
attachment of the cartilai 
to the head in this case an^ 
in that of P. G. H. (Figs 
12-A to 12-D) is the basis for the relatively early mobilization in the after-care. There^'^ 
undoubtedly a long gap between the specimens observed nine years and six weeks, r 
spectively, after operation, but it is quite probable that the older case may have ha 
similar development. 

The fact that normal hyaline cartilage was found in these cases does not prove, u 
course, that all of the other patients reported in this series have hyaline-cartilage regenera 
tion. However, the clinical and roentgenographic findings strongly suggest the possibilit 
that they are following a like course. 

Lyndon Peer, in an article published in 1938, stated that Paul Bert, about 186 
was probably the first to transplant hyaline cartilage. Bert concluded that cartilage grab 
retain their viability. Fischer, in 1882, reached the conclusion that cartilage grafts wouh 
surviveif transplanted with perichondrium. Loeb, in 1926, transplantedxiphoid cartilage witl 
perichondrium in the same guinea pig (autografts) and in different guinea pigs (homografts 
The autograft survived, with practically no reaction about the graft. The homograft surAu ved 
but Avith a lymphocytic reaction which usually reached itspeak at the end of tAcenty-one days 
Mannheim and Zypkin, in 1926, performed fifty experiments Avith autografts of hyaline 
cartilage, and concluded that the cartilage retained its specific structures in all cases and 
that autocartilaginous grafts formed good material for plastic repair, Konig, in 1896, Avas 
the first to use cartilaginous transplants in human beings. He employed cartilaginou'- 
grafts in the repair of laryngeal and tracheal cartilage defects. Von Mangoldt, in 1899, 
successfully transplanted costal cartilage to the nose. Most of the pioneer AA'ork in hyaline- 
cartilage transplantation has been performed by the otolaryngological and plastic sur- 
geons. DaAus, in 1917, and Gillies, in 1920, emphasized particularly the Auability of 
hyaline-cartilage autogenous grafts and the practical value of these grafts to surgery, 
Lyndon Peer, from Avhose Avork the historical revioAV is largely quoted, presented, in 1945, 



Pig. 13 

Low-power microscopic section of a twenty-year-old autogenous 
lib-cartilage giaft (used by John Staige Davis to icpair a saddle de- 
pression in the nose). Graft became distorted and one-third of the 
transplant Avas removed tiventy yeais later by Dr. Lyndon A. Peer. 
Note normal cartilage in old graft. (Reproduced, by permission of the 
American Medical i^sociation, from At chives ofOloUiryisgology, 

386, 1945.) 
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TABLE III 
Clixicac Fixdixgs 


f 

' A'C 

Trcndolenburg 

Test 

Presence 
of Limp 

-Amount of 
Shortening 
(Centimelers) 

Use of Brace, 
Crutches, 
or Cane 

X-ray E\-iclence 
of Degenerative 
.Arthritis 

Condition 
of Head 

i 

Negative 

None 

1 

None 

None 

Live 

/ 

Negative 

None 

2 

None 

Plas-minu-s 

Dead 

- 

Negative 

None 

1 

None 

None 

Live 


Negative 

Slight 

1 .5 

Cane 

None 

Dead 

0 

Negative 

None 

1.4 

Walker * 

None 

Live 

■ 6 

Negative 

None 

3 

None 

None 

Dead 

r’ 

Positive 

Market! 

2 

Cane 

Plus 

Dead 

.8 

Negative 

None 

2 

None 

None 

Live 


Negative 

Slight 

2 

None 

None 

Dead 

» 

Negative 

None 

2 ■ 

None 

None 

Live 

11 

Negative 

None 

1 .5 

None 

None 

Dead 


'* Tlultiple sclerosis was present in this case. 


nieroscopic sections taken from a twenty-j’ear-old hyaline-cartilage graft (Fig. 13). 
rhich had been employed by John Staige DaH® in the repair of a saddle no.?e. Slight 
utckling had necessitated partial e.x'cision ; hence a specimen of the twenty-year-old trans- 
-lanted cartilage was obtained. It proved to be normal hyaline cartilage. This work and 
hat of Fi.sher, Carter, Loeb and Siebert, Logan, Hills, O’Connor, Falconer, and others 
.oint rather conclusively to the value of autografts of hyaline cartilage. 

Sherman and Phemister, in 1947, published a paper on the pathologx' of ununited 
fractures of the neck of the femur and concluded that, if the blood supplj' of the head is 
^Ht off, the head dies and the articular cartilage becomes necrotic. The cartilage remains 
haltered until the blood supply reaches it, and is then replaced by either an imperfect 
ype of fibrocartilage or by bone. This excellent piece of work casts con.siderable doubt 
ipon the value of the cartilaginous-cup arthroplasty. However, the historical data as well 
.s the clinical and roentgenographic findings reported in this article, particular!}' the find- 
;ngs in the nine- 3 'ear-old cartilaginous cup in Case 1 (A. AI.), point to the contrary. In the 
■’leven cases reported in this series, the head was completely removed from the acetabulum 
•11 each case. In two instances there was slight bleeding; in the other nine, no bleeding oc- 
''.urred. Unfortunately, no bone sections or cartilage sections were studied at the time 
»f the cup arthroplasty, .so that there is no niicro.«copic endence as to which head was 
lead and which was viable. Six cases showed roentgenographic e^'idence of a dead head; 
the remainder, viable heads (Table III). The complete removal of the head certainly de- 
prived the cartilage of all blood supply. 

It is hoped by the writer that this pre.'^entation will stimulate thought on hyaline- 
cartilage autografts. Their pos.dble application to smaller joints, particularly those of 
the hand and foot, seems practical. The writer has under observation at this time a num- 
ber of old congenital club feet upon which reconstnictions have been performed through 
(he usual approach of a triple arthrodesis. The cartilaginous surfaces were reapplied after 
the desired bony reconstruction was done. Movement in these joints, instead of fi.vation. 
has been obtained. The results to date in several ca.ses (after one year of follow-up) have 
l)ccn striking. This material will be analyzerl and reported after adequate time for proper 
analysis has elapsed. 

Homografts have been utilized by the plastic surgeons, and cartilage banks have 
been establi.shcd for a long time. Perhaps cartilage banks will be a part of the orthoi)aedic 
surgeon’s armamentarium in the near future. 

Vai. j,o. Ariili. 1015 
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CONCLUSIONS 

The cartilaginous-cup arthroplasty has been proposed as another method for handlini 
ununited fractures of the neck of the femur, particularly those in Classes II and He 
The method is admittedly a modification of the Brackett procedure and is similar ami 
tomically to the methods described by Wagner; Venable, Stuck, and Beach; and others. 
Its originality, if there be any, is based pi'imarily upon the utilization of the hyaline carti- 
lage of the head of the femur as an autograft transplant. The results in nine cases are 
considered excellent, and two are poor. 

Note: The writer wishes to thank J. T. Eafy, M.D., and John Aslibj^ M.D., Residents in Orthopaedic 
Surgery at Temple University Medical School; Luke W. Jordan, M.D., Associate in Orthopaedic Surgery 
and E. E. Aegerter, M.D., Professor of Pathology at Temple University Medical School, for their valuable 
assistance in the preparation of this paper. 
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DISCUSSION 

Dr. Joseph .A. Freiberg, Cixcixx.vti, Ohio: I was fortunate in seeing Dr. Moore’s first c-a.se, a nine- 
year result, last fall. Those of us who saw this woman were really amazed at the excellent restoration of func- 
tion. Because of my impression of this case, and on the basis of what Dr. Moore told us, I decided to cany- 
out the procedure in the next case that presented itself. I have done the operation in two c.a.scs. Unfort unatciv, 
neither one was an ideal patient for a reconstruction operation, but I am .satisfied with the result.s. Before ! 
show lantern slides of these patients, I want to mention one or two fact.s. 

V First, Dr. Moore did not state that, when you have the head in your hand and are reaming it out with 

the burr, the head has a tendency to get away from you. This liappcncd to mo on one occasion, and I could 
not be persuaded to put it back. I fini.shcd thi.s o]K>ration as a Whitman re-coustruction. Thi.s hip i.s progress- 
ing at aliout the same rate as though an arthroplasty had lieen performed. 

The second criticism is the difficulty of putting the cartilaginous cup back on the nock at the original 
angle. If this is not done, the hip-joint relations are permanently disturlx-d. The cartilage cup .-hoiild be re- 
placed as accurately as possible. In two of Dr. Moore’s ca-res, one four months and the other five months 
affer oiieration, there is limitation of exten.sion. Neither one of these w.as an ideal ra.se. In the mo;-ing 
picture which Dr. Moore h.as .showed, there apjieared -also to lx; some limitation in extension, -ns in the 
rnso. 

V<AL. 30.A. NO. 2. ArillL 104^ 
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I wish to show the slides of my cases: This man, aged fifty-two, had had a left hemiplegia in 1944 and' 
fracture of the femur, treated elsewhere with traction, which resulted in non-union. Ho came in because ^ 
the non-union. He had a contracture of the knee of about 15 degrees, as well as some fle.vion contracture r 
the hip. From the postoperative roentgenogram, it appears that the head is not so well placed on the ncc 
as it might be. This is a point which Dr. Moore brought out. In the lateral view the head has not slipped 
The amazing thing is the firmness with which the cup was fitted at the time of operation. We did not hav^ 
any difficulty in keeping it from being displaced. This man is shown four months after his operation. He i 
e.xceptionally well pleased with the result. He walks oh crutches, with limited weight-bearing. He has nov 
70 degrees of motion, but he still has some flexion contracture and limitation of e.xtension of the hip to 11 
degrees. Clinically, he appears to have an excellent result. 

This second man, aged fifty-five, had a fracture of the neck of the femur. He was ti-eated elsewhere, anc 
non-union resulted. The head appeared to be viable. He had a full-thickness tibial graft and a Smith- 
Petersen nail reconstruction, done in Januaiy 1947. He complained of pain. It was not an ideal case for re 
construction. This roentgenogram was made in June 1947, five months after operation. There is one screv 
in the shaft. The patient has slight limitation of motion. He is putting some weight on the leg, with crutches 
He now has 60 degrees of flexion in the hip. 

I do not believe that the end results in my cases are as good as those in Dr. Moore’s cases, but I an 
.satisfied with them so far. 

Dr. Paul C. Colonna, Philadelphia, Pennsylvania: Although I have not had any personal experi- 
ence with this operation, the results shown hem are very impressive in the treatment of selected cases oi 
non-union of the neck of the femur. Technical difficulties may occur in roaming out some of these femoral 
heads, however. 

The technique described by Dr. Moore presupposes that one is dealing with viable articular cartilage. 
Unfortunately, many of these loose heads present marked evidence of damage which has been produced by 
misplaced pins and nails,— not infrequently cartilaginous degeneration or areas of fibrillation. In addition, 
certain cases present ischaemic or avascular necrosis of the entire loose head. In these instances, it is difficult 
to say whether any portion of the head fragment should be used. In those cases in wliich the head fragments 
cannot be salvaged, other types of reconst luction operation are desirable. 

Certain cases present narrowing of the joint space, indicating cartilage destruction. At times there is 
arthritis, and these cases are best treated by arthrodesis. 

However, this still leaves a number of old ununited fractures of the hip with a viable head and a normal 
joint space, for which this operation may bo ideally suited. ^ 

This operation, which might be called a modification of the Brackett operation, could have a far wider 
application than the author has described, — for instance, the utilization of the articular cartilage to produce 
an arthroplasty. If it is possible to restore function by using the joint cartilage over the head of the femur, 
why cannot joint cartilage be used in other joints? Will it be possible to restore function by preserving the 
articular cartilage of man}" joints by the use of cartilage banks, as we are doing today with bone banks, 
utilizing both heterogeneous and autogenous grafts? 

I would like to compliment Dr. Moore on finding another method for treating non-union and, more im- 
portant, for using the principle ho has illustrated in the restoration of joint function. This may be the answer 
to many of our problems in the reconstruction surgery of joints. 

Dn. I. William Nachl.vs, Baltimore, Maryland: It has been the concept of arthroplastj’ that one 
good articular .surface is all that you need to get good motion. Are the beautiful end results that we saw in 
the.se illustrations the result of saving that cartilaginous cup, or arc tluw the results of the superb technique 
that Dr. Moore has used? 

Dr. M. X. Smith-Petersen, Boston, MASSAfiiusETTs: I have had no experience with this procedure 
I think that the principle of reconstruction mar' be a little diflerent from what Dr. Mooi'c thinks it is. Hi 
.showed some beautiful slides of a “new head’’. I question whether the “cartilaginous cup” actually sur- 
vives as an articular surface. In my opinion, the cartilaginous cup surrounded by a blood clot is exposed tc 
the acetabulum, which acts as a mold. The blood clot undergoes metaplasia and is gradually tran.sformec 
into hyaline cartilage. This, then, is new hyaline cartilage, and the photomicrographs will probably show the 
cartilage cells running iiarallel to the joint .surface rather than perpendicular, as they do in normal hyaline 
cartilage. 

I believe, then, that the principle is really that of mold arthroplasty. 

Dr. John R. iMoore (closing): The use of homografts of hyaline cartilage is not new. They have been 
employed by the plastic surgeons and the rhinolaryngologists for many years. The possible application of 
homogiaft.s of hyaline cartilage to orthopaedic surgery is primarily the purpose of this presentation. Cartilage 
lianks may be part of the armamentarium of the orthopaedic .surgeon in the future. 
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MANAGEMENT OF CHRONIC OSTEOI^IYELITIS SECONDARA' TO 
COAIPOUND FRACTURES 

BY LIEUTEXANT COLONEL FRED C. REYNOLDS AND CAPTAIN FLOY'D ZAEPFEL 
Medical Corps, Army of the United States 

From the Orthopaedic Sendee, Gardiner General Hospital, Chicago, Illinois 

In Woi'ld War II earlj’’, adequate surgical care, rapid evacuation, and the use of 
chemotherapeutic and antibiotic agents made possible earW closure of compound wounds 
by delayed sutures. The number of cases of osteomj’'elitis developing from compound 
fractures was, therefore, creditably small. Dela 3 md primaiy or earh- secondaiy closure 
was not attempted in all cases. Manj-- wounds were healed or almost healed bj^ the time 
the men reached a permanent installation. In other cases, closure was not attempted, 
because of the severitj’’ of the infection or the multiplicitj' and extent of the wounds. 
Furthermore, delaj'ed closure of compound fractures was not alwaj'S successful. AVhatever 
the cause of failure, a considerable number of patients with chronic osteomyelitis were 
returned to the Zone of Interior. These presented a real problem in reconstruction, vaiying 
from the patient with a small draining sinus and a small bone cavitj' to those with exten- 
sive soft-tissue destruction and great loss of bone substance. 

It seemed imperative, therefore, that a method of therapj' be used that would lead to 
rapid healing of the infection and would include provision for bone replacement and final 
wound closure. 

Two methods of obtaining earb' healing of the osteomyelitis had been established: 

1. Healing of the infection bj' the application of skin gi'afts, following debridement 
and saucerization, as advocated bj' Lord (1902), Reid (1922), and Armstrong and Jarman 
1(1936). 

2. Ddbridement and saucerization with soft-tissue obliteration of the dead space 
and primarj’’ wound suture, proposed bj^ Dickson, Divelej', and Kiene in 1941 and by Kej’’ 
in 1944. 

Satisfactoiy results have been obtained with both methods. 

Kell}', Rosati, and Murraj', using an improved technique and aided bj' chemotherapj-, 
advocated healing of the osteomj-elitis, after debridement and saucerization, bj' a split- 
thickness skin graft. 

The principles set down by Kelly and his associates, with some alteration in tech- 
nique, were instigated at the Gardiner General Hospital by Lieutenant Colonel Frank 
West and Captain Charles Stebbins. This method was succe.«sful in healing practicalh' 
all of the cases of chronic osteonwelitis, although in a few cases more than one operation 
was required. Three of the patients reported here required more than one operation before 
complete healing occurred (Table I). 

The problems presented, therefore, were: 

1. When and in what cases of chronic ostcomY-elitis could this method be used? 

2. How much tissue should be removed at the time of debridement and saucerization? 

3. How soon after debridement and saucerization .'should a skin graft be applied? 

4. What should be done after healing of the infection? 

5. What is the method of management of tlic.^^e case.';? 

Debridement and saucerization. followed b.v split-thickness skin graft^. may be u<cd 
in any case of chronic osteomyelitis, when the acute cellulitis has subsided and the general 
condition of the patient is satisfactoiy. 

-Vt the time of debridement, all dense scar should be removed so that healthv wound 
edges remain. M times it is impossible to take out all the scar surrounding the infected 
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TABLE I 

Skin-Grafting with 100 Per Cent. Take =' 


Time 


No. of 
Cases 


7 to 10 da 3 "s g 

14 days 5 

21 days 0 

28 days 11 

29 to 59 daj'^s 8 

More than 60 daj's (failures) 3 


Total 42 


^ In three cases new grafts were apphed, with successful results; in two cases pedicle grafts were used. 

area, but failure to do so niaj'^ cause difficulty in the final closure of the wound. The scar is 
prone to become ulcerated at the time of the skin-graft closure. All foreign material musl 
be removed. This includes shell fragments, pieces of clothing, and metal used for internal 
fixation of the fracture. 

All dead and infected bone must be removed, and as much dense sclerotic bone 
adjacent to the infected bone should be removed as possible, care being taken not to destroy 
useful bone, down to healthj’- appearing bleeding bone. Where large granulation areas 
exist about the fracture, these may be decreased by a skin graft to improve the condition 
of the patient, but it is useless to apply a skin graft or flap to a sinus or ulcer with infected 
bone beneath. This bone must be cut away to prepare an adequate bed for the graft or 
other type of wound closure. 



Fig. 1-A Fig, 1-B 

Fig. l-.\: Before debridement and saucerization. 

Fig. ]-B: After debridement and saucerization. 
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Fig. 1-C Fig. 1-D 

After healing with skin graft. 



Fig. 1-E 


Fig. 1-F 


Fig. 1-E; Final closure of wound after healing of third stage. 
Fig. 1-F; Ohhtcration of bone carnty with block of iliac bone. 


witli the problem of closure of the wound, but should be aggressive enough to proceed to 
healthy tissue, both skin and bone. The saucerization must be good so that, if possible, no 
pockets or ledges are left, as their presence increases the difficulty of application of skin 
grafts. The skin graft should be fashioned to fit into each pocket and crevice of the bone 
(,Fig"=. l-.-V to 1-F, inclusive). 

At the same time one should be cautious not to remove bone unnecessarily, so that 
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a dehiscence or a pathological fracture results. Eeinforcing a weak bone, as brought oiu 
recently by Carpenter, Rosenfeld, and Mech, is not such a formidable procedure as rJ 
placement of large bone defects. However, if it appears that complete interruption of thl 
bone is necessary to remove all dead tissue, then this should be done; otherwise failure oi 
closure will result. We see, then, that not to do enough leads to poor results, and to go toe 
far produces prolonged disability and major surgical repair. Following debridement and 
saucerization in the cases of osteom 3 '’elitis in Avhich the wound is packed open, an interval 
of five to seven days should elapse before application of a split-thickness skin graft. The 
authors prefer to wait seven daj^s. The packing may be removed on the si.xth day, and a 
wet dressing of normal saline may be applied before the graft. 

With complete healing of the skin graft and closure of the osteom.yelitic focus, there 
is a steady decrease in the size of the defect. Surrounding skin is easily loosened b}'’ mas- 
sage and active exercises. Also, there is active proliferation of connective tissue beneath 
the grafts, so that the pocket becomes shallower. The filling out of the pocket has been 
described by Lord, Reid, and others. They gave this as a reason for leaving the skin graft 
as a permanent covering. The authors found that, at the time of removal of the graft, 
there was a distance of one to one and one-half inches between the skin and the bone. It is 
our feeling that contracture of this scar tissue, with resultant circulatory embarrassment, 
is the most important cause of the ulceration and recurrence of infection. 

After healing of the infection, some previousl.y ununited fractures united. It is impor- 
tant that they be properly splinted during this stage, as union occurred in one of our cases 
quite rapidlj'’ after closure of the wound, while splinting was inadequate, so that angula- 
tion occurred and an osteotomj" was necessary. 

With sufficient solid bone and a small skin pocket, no further surgeiy is needed. How- 
eA''er, the lesion must be so located as to be free from trauma. The majority of patients 
treated by debridement, saucerization and split-skin grafts alone were left with a skin 
pocket, which tended to collect dirt and was prone to break down. They also had deficient 
remaining bone. We feel that the bone pockets should be filled, both for stability anrj' 
because this scar-filled pocket is subject to vascular change and necrosis. / 

The average duration of the osteomyelitis was nine and one-half months; the shortest 
duration was two and one-half months, and the longest twenty-five months. The average 
patient had alreadj'’ had four operations; one patient had had eleven operations and the 
wounds had all healed by the procedures outlined. 

Considerable attention should be paid to the general condition of the patient. Good 
results depended to some extent upon how well the patient’s condition could be improved 
with diet, vitamins, and blood before the operation. All were cases of long standing, and 
the patients had had several surgical procedures and had traveled long distances. The 
majoritj'- had been bedfast from the time of injury. Sulfonamides were occasionally used, 
when the patients had sensitivity to penicillin; otherwise, penicillin alone was used. 
Starting forty-eight hours before operation, 20,000 units was administered eveiy thi'ee 
hours until fourteen da 3 "s after operation. 

All sequestra were carefulL^ removed. Sclerotic eburnated bone was also removed 
down to health 3 ’- bleeding bone, and care was given to fashioning a saucerization so that 
no unnecessaiy pockets or overhanging ledges were left. The tourniquet was then released 
and active bleeding was controlled. Oozing was given a little time to decrease, and the 
cavit 3 " was packed with fine mesh gauze, soaked in gL^cerine. After tiying a large variety 
of materials. Captain Stebbins found that gtycerine was preferable in that it did not macei- 
ate the tissue and it allowed separation of the pack without damage to the granulation 
tissue. It could be removed and a skin graft could be applied without a preliminaiy wet 
dressing. However, most wounds were dressed prior to skin-grafting, and wet dressings 
were applied. After packing of the wound, a plaster cast was applied. 

From the fifth to the seventh da 3 ' the wounds were inspected. If found to be clean. 
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TABLE II 


Site of Infected Fkactures 


Bone Involved 

Xo. of 
Ca'cs 

Total 

Femur 

Upper third . 

1 


Low er third . 

6 


Middle third 

6 

13 

Tibia 

Upper third . . . 

7 


Lower third 

3 


Middle third . 

10 

20 

'Humeni-s 

Upper third . . . 

3 

3 

Ilium and sacrum 


1 

Foot. . 


5 

Total cases 


42 


a split-thickness skin graft was sutured to the wound edge, and was packed carefully into 
the bone defect with cotton soaked in glycerine. The packing was done meticulously until 
above the level of the skin. This was then covered with fine rubber tissue to prevent dry- 
ing and hardening, and a pressure dressing was applied. Where stability was required, a 
cast was also applied. Seven days after operation the dressing was changed, the cotton 
was removed, and all necrotic portions of the graft were trimmed away. The results of 
skin grafts, in the forty-two cases in which the end results are reported, are shown in 
Table I. 

In no case was a skin graft applied at the time of saucerization, as in about seven 
daj’s a thin granulation tissue develops over the raw bone and facilitates the ability of 
the graft to take. 

The final or third stage consists in removal of the skin graft, obliteration of the bone 
defect with a bone graft, and closure of the wound. Of the cases treated thus, forti-two 
were followed for at least six months; these are reported. Table II shows the location of 
the lesion. Cultures were taken routinely but were of little clinical value, as the gross ap- 
pearance of the wound determined whether or not it could be closed. 

After the wound had healed, some fractures united. This is desirable and worth 
waiting for. Oedema subsided with wound healing, and the size of the defect decreased. 
Gentle massage loosened the remaining healthy skin, so that final closure could be done 
many times without shifting skin flaps. We felt that the danger of a flare-up of infection 
after the bone graft should decrease with time. The general condition of the patient im- 
proved. He gained weight, became amlnilatory, and began to overcome atrophy, so that 
better results from the bone gi'aft were assured. 

After several months, however, either because of trauma of u=e or constriction of 
the scar, the grafts were prone to become ulcerated, wiiich delayed the final operation. 
3’horeforc. the authors feel that twelve weeks is about the optimum interval before the 
^ final operation. In this series, the average interval was fourteen weeks, the longest being 
thirty-two weeks and the shortest five and one-half weeks. 

Prior to the final stage, eareful attention must again be paid to the preoperative 
condition of the iiatient. Blood transfusions were found to be more important than peni- 
cillin for the success of the operation. By the fifth day after operation, in spite of multiple 
transfusions at the time of surgery and afterward, the total serum protein wa- low. par- 
ticularly the globulin fraction. This caused considerable concern a- to the patient’s abilif v 
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to combat his infection. Penicillin was stopped in several cases at the end of the sevei 
days, when sutures were removed; the wound seemed healed at that time, but drainag( 
developed a few days later. Therefore, the penicillin was continued for fourteen days. 

The final or third stage involves the usual preoperative preparation. With the use o] 
a pneumatic tourniquet, the skin graft was dissected from the skin margin. Then it Avas 
easily shelled out of the bone cavit}'- in one piece. The bone bed Avas freshened AA’ith a 
chisel, the tourniquet AA'as remoA'^ed, and the A\mund AA’^as packed, AAfiiile a bone graft AA^as 
being obtained. In this Avaj'- the bleeding had subsided by the time of application of the 
graft, and the hematoma Avas decreased. Cancellous-bone chips Avere used in all bone 
cavities. Iliac bone from AAdiich a major portion of the cortex had been remoA'^ed seemed best, 
but some caAuties Avere so large as to require all aA^ailable bone to fill them. AVhere the 



Fig, 2-A Fig. 2-B / 

Fig. 2-A; Appeal ance of wound after debridement and sauceiization. 

Fig. 2-B; FolloAving healing of osteomyelitis with split- thickness skin giaft. 



Fig. 2-C Fig. 2-D Fig. 2-E 


Figs. 2-C and 2-D: Appearance of bone cavit}' after healing with .split-thickness skin graft (Fig. 2-C) 
and after packing with bone chips (Fig. 2-D). 

Fig. 2-E: Final appearance after obliteration of bone cavity with cancellous-bone chips. 
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efect in the bone was shallow, a block 
iliac bone was used. In a few cases 
vith large bone loss, repair was done 
vitb sliding and onlay cortical grafts, 
ixed with metal screws. In cases with 
jone cavities, the bed was merely 
freshened to bleeding bone. No at- 
tempt was made to drill about the 
area or to open the medullary canal. 

Where non-union existed, the 
medullary canal was opened in all 
cases. The bone ends were freshened 
and, where extensive sclerosis was pres- 
ent, multiple drilling was done. The 
wounds were then closed in laj'ers, 
wherever possible without drainage 
(Figs. 2-A to 2-F, inclusive). 

Several patients required shifting of skin flaps for closure, and wounds on the feet 
were closed with tubed pedicle grafts which had been put in place prior to bone-grafting. 
After closure, casts were applied in all cases requiring additional stability. Pressure dress- 
ings and Thomas splints were used in those with sufBcient bone strength. 

In twenty-six or 61.9 per cent, of the cases, the wounds healed by first intention fol- 
lowing the use of bone grafts. Three or 7.1 per cent, of the cases had slight drainage from 
a portion of the wound, but without cellulitis or deep infection; these wounds healed 
within four weeks and remained healed. In four or 9.5 per cent, of the cases, postoperative 
drainage developed; these wounds healed within eight weeks and remained healed. There 
was no evidence of deep infection or of sequestration; the bone united. 

In four or 9.5 per cent, of these cases, superficial drainage developed and continued 
for as long as sixteen weeks before final healing occurred. No sequestration occurred. The 
wounds remained healed as long as we were able to follow the patients (about six months). 
The exact healing time is not knou-n; the wounds were found to be healed after removal 
of the casts, which were changed about ever 3 ' four weeks. 

In five or 11.9 per cent, of the cases, healing failed to occur. In one patient revision 
of the wound edges was done, followed by complete healing. One wound healed after a 
split-thickness graft had been applied to a superficial ulcer on the margin of the wound. 
The osteomj'elitis recurred in three cases and the entire process had to be started again. 
The end results in these three cases were not known, because this work was stopped, owing 
to the closure of the Hospital. X number almost equal to that reported was not included, 
because the patients were still in the process of treatment at the time the Hospital was 
closed. 

We see, then, that in twenty-six cases, or 61.9 per cent., the wounds healed by fir-t 
intention and remained healed. Their bone grafts also appeared to be healed when last 
seen. Eleven or 26.2 per cent, had postoperative drainage from hematomata or necro-i^ 
of the wound edges, but healing occurred without further surgery, sequestration, or bone 
grafts. Healing occurred in two ca.«cs after revision of the wound edges. Three case.^. or 
7.1 per cent., were failures. 
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Fig. 2-F 


IVound and bone graft after final closure. 


SUMMVRY 

The authors feel that the management of osteomyelitis secondary to infected com- 
pound fractures should consist in debridement and saucerization. with cloMire of the w oiind 
by primary suture, if it can be done without exces-ive tension. Otherwise, the metho 1 of 
delayed closure by split-thickness skin grafts should be used. 
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After healing of the infection, union will occur in many cases of previous non-union 

Many patients need no further surgery after wound healing because of adequate re 
maining bone, and because the bone and skin pockets are small. 

With non-union, large bone defects, or large bone and skin pockets, and in thosi 
cases in which reinforcement is required for stability, three months should elapse afte 
complete healing of the wound before bone-grafting is done. 

The use of cancellous bone, from which as much cortex as possible has been removed 
is recommended. If the defect is large, it may he diffieult to obtain sufficient bone withou 
the use of cortical chips. The authors have had no experience with bone grafts at the time 
of debridement and saucerization, but this seems to be the next step in evaluating the 
management of chronic osteom3''elitis. 

Careful preoperative and postoperative preparation with antibiotics and blood trans- 
fusions is essential. 

As postoperative drainage appeared to result from hematoma, which was prone to 
become infected, it is suggested that delayed primaiy closure of the wounds would give a 
higher percentage of complete earl}'- healing. 

The authors see no reason whj^ chronic osteom.yelitis of hematogenous origin could 
not be managed in a similar wa3L 
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SURGICAL PROCEDURE FOR LYMPHOEDEMA OF THE EXTREMITIES 

A Follow-up Report* 

BY HARRY B. MACEY, M.D., TEMPLE, TEXAS 
From the Scoll and While Clinic, Temple 

Alany cases of Ij^mphoedema, irrespective of the cause of lymph stasis, progress 
to the point of disabilitj^ as a result of the development of recurrent cellulitis and lym- 
phangiitis, or the enlargement of the extremity to elephantine proportions, or a combina- 
tion of both. The more disabling complication, recurrent cellulitis and hunphangiitis. fre- 
quently produces severe general reactions, sometimes of an alarming nature. 

Although it is not the purpose of this paper to discuss the etiologj" of h'mphoedema, 
it seems appropriate to offer the general impression of many authors concerning the cause 
of recurrent cellulitis and lymphangiitis. 

Sabouraud and Unna first called attention to the possible etiological significance 
of the Streptococcus in cases of progressive Ij-mphoedema associated with erysipelas- 
like attacks. Unna further explained the periodic attacks on the basis of incomplete healing 
of the original lesion, which results in a vascular disturbance and an incomplete destmc- 
tion of the streptococcus. Reichert, in 1929, stated, “Simple lymph edemas are the result 
of stasis. Add the factor of infection and we have an entirely different picture, that of 
elephantiasis. Chronic infection, usualb' caused by a streptococcus, after a time, readily 
leads to a progressive hypertrophj’’ of the hypodermal and dermal connective tissues. . . . 
Simple mechanical blockage of the Ijunphatics causes regional lymph edema, but the 
characterictic fibromatosis, and the histologic changes peculiar to elephantoid states, can- 
^.'ot be produced without pj'ogenic infection.” 

Halsted, in 1921, demonstrated that radical excision of the axillary glands or axillar\' 
vein, or both, will not, in itself, produce this condition. To produce elephantiasis of the 
upper extremity, there must also be a secondarj' infection. To support this contention, 
there have been repoi'ts by such authors as Stevens, Homans, Drinker, Field, and their 
co-workers ® In some instances, these reports have been supported by laboratoiy e.x- 
periments. 

In 1940, Ochsner, Longacrc, and Murray, in a very excellent and comprehensive re- 
view of the literature on the subject of h’mphoedema, concluded that. “Elephantiasis 
is the end result of recurrent erysipeloid Ijmphangiitis, produced by pyogenic infections, 
usually the streptococcus. Lymphedema is a predisposing factor for the pyogenic infection 
which causes the inflammatory reaction which is responsible for the ultimate fibromatosis.” 

The pathological changes which accompany the late stages of hmphoedema. in the 
cases comprising this report, have consisted of replacement of the adipose tissue by en- 
larged lymph spaces and fibrosis of the connective tissue. In two of the patients, the skin 
and subcutis were thickened, and inflammatory changes were noted, together with an 
inflammatory process; one of the patients presented gangrenous areas in the skin. In those 
patients in whom a biopsy of the muscle was made, no pathological changes wore noted. 

Operative procedures for the treatment of disabling hmphoedema were initiated by 
Lisfranc early in the nineteenth century by a scarification procedure, according to Kcy.'ser. 
Oarnochan in 1S51 ligated first the femoral and then the external iliac arteries; many 
amputations resulted. Handley, Lexer, and Lanz based their methods of treatment on at- 
tempts to establish lymphatic drainage. These procedures ended in failure. 
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In 1912, Kondoleon, with the same thought in mind, attempted to establish communi 
cation between the superficial and the deep lymphatics by the excision of strips of dee] 
fascia, and by placing subcutaneous tissue in contact with the muscle. Matas was the Hrsi 
surgeon to perform such a procedure in this country. The Kondoleon treatment was disap- 
pointing in most instances and led to modification by Sistrunk, Auchincloss, Ghormley 
and Overton, and others. These modifications of the Kondoleon operation were based on a 
more extensive removal of skin and subcutaneous tissue, which primarily reduced the size 
of the limb, but failed in many instances to delete the recurrent cellulitis and lymphangiitis 
and to maintain the postoperative decrease in the size of the extremity. 

Other operative approaches have been described by Gillies and Fraser and by Pratt 
and Wright. These operations consist in transplanting or turning down pedicle skin grafts 
in a bridgelike fashion, across the trunk to the lower extremity, in order to establish com- 
municati.on between the Ij^phatics of the leg and those of the trunk. Homans has devised 
a procedure in which the subcutaneous tissue is excised, but thin skin flaps, which have a 
veiy thin layer of subcutaneous tissue, are retained. After excision of the lymphoedematoiis 
tissue, these thin skin flaps are sutured into position. He felt that, since the leg was the 
chief reservoir of fluid, there was no reason to carry the procedure higher than the knee; 
and that follondng his complete operation on the leg, the enlargement of the thigh was 
reduced. 

The procedure which prompted this paper was first described in the Staff Proceedings 
at the Mayo Clinic on Januaiy 24, 1940. The first operation had been performed on a lower 
extremity in May 1939. In the original report, it Avas stated that the abnormalit 3 '- seemed 
to be confined entirely to the subcutaneous tissue, since the underlying structures appeared 
normal, and that the procedure Avas based on eradication or excision of the diseased tissue, 
or, at least, excision of the most offending part of the disease process. This observation, 
that the diseased tissue is primarily subcutaneous, has been borne out over a period of 
seven years, AAdth the exception of the tAvo cases in AA^hich there AA^ere inflammatory and ciiV^ 
culatory changes throughout all layers of the skin. The absence of recurrent cellulitis ajla 
lymphangiitis folloA\dng this operative procedure supports the contention that recurrent 
cellulitis and lymphangiitis are a result of recurrent p^mgenic infection or a "flare-up” of it 
in a previousl}'' sensitized tissue. 

The surgical procedure to be described should be confined to the area beloAv the knee 
and possibW beloAV the elboAv. In none of the patients on AAdiom this procedure has been 
performed, has cellulitis been observed to extend above the knee; therefore, it Avould seem 
that the disabling recurrence of this disease is not only due to a pyogenic infection, but is 
limited to the area beloAv the knee and is usuallj'^ confined to the subcutaneous tissue. 

In the series of seA’^en cases covered by this folloAA^-up report, four of the patients had 
had recurring cellulitis and lymphangiitis OA'^er a period of years. In none of these has there 
been a recurrence of cellulitis in the extremity operated upon. Six of these seven cases ma}" 
be classified as tymphoedema praecox (Allen’s classification), and in four of these recur- 
rent cellulitis and Ij^mphangiitis developed as a late complication ten, seventeen, tAA^enty- 
three, and thirty-eight 3 ’’ears, respectivety, after the initial eAudence of lymph stasis. In 
tAA'o of these six patients, the operation AAms performed because of progressive enlargement 
of the loAA'er extremit3^ The seA^enth patient had extensiA'^e lymphoedema of the forearm, 
resulting from a tymphangioma in the arm and axilla. 

SURGICAL PROCEDURE 

The surgical procedure to be described is, unfortunately, not the complete ansAA^er in 
the treatment of tymphoedema. HoAAUA^er, it is felt that it is an adA^ance in the right direc- 
tion, since it does eliminate the disabling feature of recurrent cellulitis and lymphangiitis 
and maintains the postoperatiAm decrease in the size of the leg. 

In l3'mphoedema aboA’e the knee, recurrent cellulitis has not been obserAmd, and the 
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Fig. 1 

Schematic drawing, showing the skin incision m the leg 



Fig. 2 

Schematic draiiing, show mg subcutaneous dissection of the diseased tissue and the application 
of spUt-skin grafts over the muscle sheaths and peritendinous structures. 


aim of treatment above the knee is to prevent incapacitating proportions of tiic thigh. 
However, it is possible that the enlargement of the thigh ma.v be relieved by some pla^-tic 
piocedure such as the bridging operations of Gillies and Fraser or Pratt and Wriglit. or bv 
a more simple procedure. e have been able to maintain a satisfactory decrease in the sire 
of the thigh by the use of a thigh support after the operation on the leg 

.Vs a preliminary to the operative procedure, the extremity should be elevated for a 
period of two days and drained of most of the lympbocdemalous fluid. If cellulitis i^ pres- 
ent. a sulfonamide pieparation or penicillin (prcfcrai)ly the latter) should be U'od two 
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Fig. 3-A Fig. 3-B Fig. 3-C 

Fig. 3-A: Extensive Ij'mphoedenia of right arm before operations. (Repioduced, b 3 ' permission of 
the Mayo Clinic., from Proc. Staff Meet., Mayo Clin., 15: 50, 1940.) 

Figs. 3-B and 3-C: Appearance of right arm of patient seven yeais after excision of the lymph- 
oedematous tissue and skin-grafting. 

to three days preoperativel}'" and continued postoperatively until the second procedure 
the operation is completed. If no cellulitis is present, penicillin is not needed preoperatively, 
but is given postoperatively. At the time of the operation and before the tourniquet is ap- 
plied, it is well to remove sufficient skin from the thigh for grafting, or to place the tourni- 
quet high enough so that it does not interfere with the removal of these skin grafts from the 
thigh. Skin grafts may be removed from the leg, if the skin of the leg is uninvolved in the 
disease process. The operation is divided into two stages; either the medial or the lateral 
aspect of the leg is chosen for the first stage (Fig. 1). 

The technical procedure of the operation is difficult to describe. An incision is made 
through the skin, subcutaneous tissue, and fascia, extending from the knee to the base of 
the toes and curving over the malleolus. At the level of the malleolus, dissection is carried 
posteriorly and distally, so as to approximate the upper margin of a low-quarter shoe. A 
fine network of areolar tissue or perimuscular and peritendinous tissue is left over the mus- 
cles and tendons, which are the recipient areas for the grafts. A thin layer of subcutaneous 
tissue is left over the periosteum. The grafts are placed beneath the elevated subcutaneous 
tissue and fascia and are sutured into position. The subcutaneous lymphoedematous tissue 
is then closed over the skin grafts. It is well to place multiple puncture holes in the grafts, 
since the recipient area is avascular, and it is thought that some nourishment to the graft 
maj' be furnished by the overlying subcutaneous tissue through the puncture holes (Fig 2). 
No drains are used; a firm compression dressing is applied. On the seventh to ninth post- 
operative daj^ the overbong subcutaneous tissue is excised, and the subcutaneous tissue 
adjoining the margins of the graft is removed by undermining; thus a someirhat flat closure 
of the adjacent skin and the margins of the skin graft is permitted. In no instance have 
thc.'ie tran.‘5planted, buried grafts failed to take in their entirety. The grafts are supported 
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' V elastic bandages, extending to the knee, fov a period of ten to twelve weeks postoper- 
^tively. It is not thought advisable to proceed with the second stage until four months have 
.ntervened. 

In the one case of lymphoedema of the upper extremity in which this treatment was 
emploj^ed, the procedure was completed in one stage. An incision was made over the 
dorsal aspect of the forearm and extended from the elbow to the heads of the metacarpal 
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Fig. 5-A Fig. 5-B Fig. 5-C 

Fig. 5-A: Appearance of the left lower extremity, showing cellulitis and lymphangiitis in patient who 
had had a previous, extensive, modified Kondol6on operation. 

Figs. 5-B and 5-C: Appearance of left lower extremity after excision of Ij'^mphoedematous tissue on 
inner aspect of the leg. Photograph also shows tj^je of postoperative support used for the thigh. 


bones. The lymphoedematous subcutaneous tissue was dissected from the muscles of the 
forearm in a complete encircling manner. A fine network of fibrous tissue was left over tho’ 
muscle bellies and tendon sheaths to prevent their adhesion to the skin grafts. Split-skm 
grafts were then removed from the thigh, transplanted, and sutured into position, llie 
subcutaneous lymphoedematous tissue Avas then closed over the skin graft without drain- 
age, and was not disturbed for ten days. The lymphoedematous tissue Avas then excised. 
The patient's recovery AA^as uneventful, and the result AA^as excellent. In one case, in a Ioaa'ci' 
extremity, the entire procedure Avas done in one stage, but such e.xtensive surgery is not 
recommended. 

Unfortunatety the postoperative appearance, as Avould be anticipated, is one of 
scarring; and, in the loAver extremity, the skin grafts have shoAAm changes associated AAdth 
stasis, AAdiich haA^e resulted, the author believes, from the aA'^ascularity of the recipient site 
and the dependenc3'’ of the lower extremity. HoAA^ever, the grafts maj'’ be maintained in 
good condition bj'' the daily use of a softening hand cream. This change has not occurred in 
the one case in AA-hich the operation AA^as performed on the forearm, — probably because of 
less dependenc}'’ and the absence of the function of AA^eight-bearing. 


RESULTS 

Of the seven cases reported in this series, five of the patients haA^e had excision of all 
of the tymphoedematous tissue beloAv the knee, and one patient has had onty the first- 
stage procedure on the medial aspect of the leg. One patient had lymphoedema of the upper 
extremitj' and has had complete excision of the diseased tissue beloAv the elboAA", combined 
Avith skin-grafting. In this instance of excision and skin-grafting of the upper extremity, 
the result was excellent. 

Of the six patients in Avhom the loAver extremit}'’ has been treated, four have had 
excellent results. In one of the tAvo remaining patients, superficial ulceration in the graft 
developed: and, from correspondence, this is thought to haA^e been due to changes asso- 
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\'iated witli stasis. Hoivever, prior to surgerj', the involvement of the lymphoedematous 
/extremity vas so extensive that the patient ivas invalided from cellulitis and superficial 
gangrenous changes in the skin. Since surgerj' she has been active, and the postoperative 
decrease in the size of the extremity has been maintained. In spite of her improved condi- 
tion, she cannot be considered as having obtained a satisfactory result. In the remaining 
case, a long follow-up was not obtainable. At the end of one year, the skin grafts were in 
good condition and the elephantine proportions of the e.xtremity had been relieved. 

COXCLUSIOXS 

A surgical procedure, which has been used in a small series of cases, has eliminated re- 
current cellulitis and Ijunphangiitis b\' excision of the diseased tissue that results from 
lymph stasis; the postoperative decrease in the size of the extremity has been maintained. 

The results in these cases would support the belief that recurrent cellulitis and lym- 
phangiitis, associated with Ijunphoedema, are produced by a recurrent pj'ogenic infection. 

It is felt that recurrent cellulitis associated with chronic hunphoedema is confined to 
the tissue below the knee, and is best treated b3' e.xcision of the disease-bearing area and 
bj' skin-grafting. 
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DISCUSSION 

Dr. Ralph K. Ghormley, Rochester, Minnesota: I believe Dr. Macej" deserves full credit for the 
development of this operation. The treatment of lymphoedema has been by no means satisfactory. My own 
impression, from what I have seen of this operation and some of the results, is that it is probabR the operation 
of choice where there is extensive skin damage. The 3 'oung woman who comes to you with early l 3 miphoedcma 
and wants to be cured without an 3 ^ deformit 3 ' presents a most difficult problem. I believe that with Dr. 
Macey’s operation you can reduce the size of the leg, but 3 'ou cannot promise a satisfactory cosmetic result in 
the mild case, seen early. I think the Homans operation offers better results than the others developed up to 
now. I feel that where 3 mu have good skin, the Homans operation should be performed. It is, in my hands, a 
simpler operation with much less risk than Dr. Macey’s. 

I want to congi'atulatc Dr. Mace 3 ' on the conception and development of this procedure. 

Dr. Daniel C. Elkin, Emory University, Georgia: Lymphoedema of the extremities is a .surgical 
problem of vital importance, because of the progressive disability which the condition produces. The recur- 
rent episodes of cellulitis and 13 'mphangiitis, with the associated pain in the extremit 3 ’', malaise, and elevations 
of temperature, result in great economic loss and give rise to anno 3 dng, unpredictable, recurrent illnesses. 
Man 3 '’ patients are in constant fear of these attacks of illness. A minor abrasion or e.xcoriation of the skin 
in such an individual will frequently precipitate the recurrence of the infection. 

Patients who have an enlargement of the extremity without skin changes are frequentl 3 ^ not receptive to 
the idea of a radical operation, such as that reported by Dr. Macey. In these individuals, a satisfactory result 
may be obtained through excision of the involved fibrous connective tissue below the knee. In these instances, 
the subcutaneous tissue is so completely removed that the remaining skin is, in effect, a full-thickness skin 
graft. In a two-stage operation, the subcutaneous tissue of a patient’s leg was completely excised except in 
the anterior and posterior mid-line. Satisfactory results were obtained. / 

With the continued enlargement of the extremities which almost invariably occurs, particularl 3 ^ in 
those instances in which there are recurrent infections, the extremit 3 " may attain elephantine proportions. 
At this stage, the skin usually becomes thickened, vesicle formation is frequent, and the skin becomes rough, 
corrugated, and horny in appearance. Such an extrcmit 3 ’’ is disabling, not only because it is the result of recur- 
rent infection, but also because the actual enlargement of the extremit 3 ’^ interferes mechanically with its 
function. In many instances it may be so disabling that gainful employment is precluded. Extensive involve- 
ment of the sldn, ulceration, fissure formation, and serous exudation from recurrent vesicles render such an 
extremitv unsuitable for the operation described above. In such patients, the cosmetic deformit 3 '’ is of no con- 
sideration, and the procedure of total removal of the diseased tissue with skin-grafting is desirable. 

It is well to stress that this procedure should be performed with utilization of a pneumatic tourniquet, 
since large quantities of blood will be lost in the dissection of the large masses of subcutaneous tissue. The 
electrocoagulation current has also been found to be a valuable adjunct in expediting the procedure. 

Dr. Mace 3 ' is to be commended for the excellent results he has obtained in the treatment of this disabling 
condition. 
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‘fractures of the lower end of the humerus in children * 
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BY D. P. McDOXXELL, M.D., AXD JOHX C. AVILSOX, M.D., LOS AXGELES, CALIFORXIA 

From the Orthopaedic Sendee of the Los Angeles Children s Hospital. Los Angeles 

Attention was directed to a study of fractures of the elbow because certain of these 
Fractures, although well reduced, result in pain, stiffness, and occasionally some deformity. 
The belief has been preAmlent that residual disabilities do not follow Avell-reduced fractures 
of the lower end of the humerus in children, barring soft-tissue damage. 

On the orthopaedic service of the Children’s Hospital, fractures of the elbow occurring 
during the past decade or more were studied to eA'aluate the faetors involved. It was found 
that some general conclusions might be drawn concerning the treatment and possible 
complications of these fractures. 



Fig, 1 

Follow-up of functional result.^ in group of fractures. 


This discussion will be limited to supracondylar fractures and fractures of the lateral 
condyle, capitclhim, and medial epicondyle. Although much has been written about 
fractures of the elbow involving the epiphyses, these injuries do not receive the attention 
^ they deserve. Brewster and Karp have pointed out that in 40 per cent, of fractures of the 
lateral epicondyle and capitellum, the end results arc poor. 

The elbow is a ginglymus joint, capable of flexion and extension. It. therefore, presents 
the following characteristics: (1) convex and concave bony surfaces; (2) muscle masses 
anterior and posterior to the bones to flex and extend the elbow; (3) a lax cap.sule anteriorlv 
and posteriorly to allow these movements; and (4) strong collateral ligaments to limit 
medial and lateral motion. 

oc Mooting of The Anioriciin Orthopaoiiio .As-^ioiation, Hot Spring', Virginia. .luno 
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A general knowledge of the anatomy, osseous development, and roentgenograph 
interpretation ot the elbow region is essential to evaluate this group of fractures. 

The lower end of the humerus is flattened from the anterior to the posterior aspects,^ 
is set obliquel}'’, and is lower mediallj'’ than laterall}'-; thus the "canying angle” is made. 
The lower articular end of the humerus is formed b.y two articular surfaces: iaterall}'', the 
capitellum is adapted to the head of the radius, and, mcdialljq the trochlea fits the trochlear 
notch of the ulna. The capitellum is spheroidal and articulates with the disc-shaped radial 
head. In extension, the distal portion is in contact with the radial head; in flexion, the 
anterior surface is in contact with it. The posterior aspect of the capitellum does not 
articulate, and on one side it blends with the lateral epicondyle. The margin of the radial 
disc articulates with the lateral lip of the bobbin-shaped trochlea, and helps to prevent 
medial displacement of the radius. The trochlea itself articulates with the ulna. ^ 

The epiphyseal line separating the trochlea, capitellum, and lateral condyle from the 
diaplij'^sis runs transversel}'’ just above the lateral cond3dar cartilage. It is, therefore. 



Supiacondylar fracture in a child of seven with fracture line extending into the epiphyseal plate 
and with disturbance of the articular surfaces of the joint. 



Fig. 2-B 

Poor icduction. Fracture is healing with disturbance of aiticular surfaces. 
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Fig. 2-G 

Slx years later, lateral views, when compared with those of normal arm (at right), show marked 
growth (hsturbances combined with traumatic arthritis. Arm now evtends to 135 degrees and flexes 
to 45 degrees. Deformity is becoming progressively w orse. 


within the synovial capsule. The medial condyle fuses vith a spur of bone that descends 
from the diaph3^sis and separates the condj-le from the lower epiphysis proper. 

Efforts have been made to produce fractures of the medial and lateral condxdes and 
the capitellum experimental!}', in order to determine the exact mechanism involved. Kini, 
woiking with cadavera, found that in fractures of the lateral condjde located beneath the 
attachments of the extensor carpi radialis longus and brexns, the condylav fragment was 
tilled outward and upward with the arm in supination. On pronation, the fragments 
came together. ttTien the fragments were avulsed bj* the extensors, the displacement 
was more exaggerated, but rotation did not take place until the capsule was torn. Cham- 
berlin points out that the normal anatom}* of children differs from that of adults in that 
the cylindrical shaft of the humerus broadens out and thins as it reaches the elbow. The 



Fig. 3-.V Fig. .3-B 

Fig 3-A: SupracondyLir fniclure two xears after initml injurj-, ^bowing po-ienor di-pbcement of 
fragment with good general alignment 

Fig 3-R: Four years katcr, fractured bone is completely remodeleii. Full range of motion in elbow. 
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Fig. 4 


Supracondj'Iar fracture with medial displacement. Fracture line e.vtends into the epiphyseal plate. 
Fiacturc healed with cubitus varus deformity. Full range of motion is present seven years after 
original injurj'. (This is an example of good function witli a deformity present.) 

ventral portion of the lower end has a hollow depression, the coronoid fossa; dorsalljb a 
similar depression is present for the olecranon. In some instances, there is a complete bonj' 
defect in the lower shaft of the humerus at the site of these depressions; the cancellous 
bone makes these regions less resistant to fractures. 

A series of 176 fractures of the lower end of the humerus in children was reviewed^ 
and eighty-eight of these were followed long enough to draw some general conclusiopfe 
with regard to treatment and complications. Of this latter group, fift3’'-five were in boys 
and thirt3’--three were in girls. The ages of the patients ranged from one to twelve 3'-ears: 
the average age was seven. There were fift3''-three supracond3dar fi’actures, thirt3'--three 
lateral cond3dar fractures, one medial epicond3dar fracture, and one epiph3’-seal separation 
of the capitellum. 

In the present series of supracondylar fractures, end-result studies were obtained on 
fift3^-three patients. Of these, fifty-one were treated b3'’ the conventional methods of 
closed reduction, — manipulation followed by immobilization in acute flexion for from 
two to six weeks. Traction was emplo3md in those cases in which manipulation was un- 
successful. Of the total number, seventeen patients either had had unsuccessful manipula- 
tions or were first seen several weeks after the initial injiuy. These were treated b3’^ traction 
for periods vaiying from a few da3’’s to three weeks. Two of this number had eai’b'^ cir- 
culatoiy embarrassment, and the fractures were allowed to heal with the arms in optimal 
position for adequate circulation. One child, whose aim had been in skeletal traction for 
three weeks in another hospital, was admitted with osteom3'elitis of the ulna. ITe fracture 
was healing in malposition with considerable callus, and no attempt was made to manipu- 
late the fragments. In one patient a t 3 ’-pical ^’olkmann’s contracture and an associated 
ulnar pals3" developed following manipulation of the fragments. The elbow function re- 
turned to normal a short time after the fracture. The forearm and hand are slowb" regain- 
ing function after six 3 mars of treatment. 

Eight of the supracond3'lar fractures were followed b3" cubitus varus and three had 
cubitus valgus deformities. In one ca.se of .severe cubitus valgus, there was an associated 
late ulnar-nerve pals3'. 

Of the total number of supracond3dar fractures, thirteen, or 2 o per cent., had poor 
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functional results. A static cubitus valgus or cubitus varus deformity vith full range of 
motion was not classified as a bad result. The follow-up period in this group was considered 
adequate to allow general conclusions; although not strictly representative of a consecutive 
.dumber of fractures. 

Reduction of the supracondylar fractures at the time was considered good in twentj- 
of the total number of patients. General alignment and not anatomical apposition was 
used as the criterion. A reduction with rotation or forward or backward tilt, which would 
change the range of articulation, was considered unsatisfactory. Reductions ndth slight 
lateral or medial displacements, but vfithout rotation of the fragments, were considered 
adequate. 

Two of the total number of these fractures were treated by open reduction. Both of 



Fig. o-A. 

Supracondylar fracture wth lateral displacement of fragments. Fracture was treated by traction 
for three weeks. Good general alignment was preserved. 
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Fig. G 

Supracondylar fracture two years after injury. Three manipulations weie requiied to restoie 
anatomical position. Avascular necrosis of the trochlea is now present. 


these AA'ere comminuted fractures, in AAdiich one or more of the fracture lines AA^ere through 
the lateral cond 3 dar region, and the condjde AA'as displaced and rotated. Good results 
folloAA^ed nail fixation. 

One badly comminuted fracture, in AA^hich both cond3des AA'ere displaced, Avas treated/ 
by traction for three AA’^eelcs, AAuth good results. j 

The poor results in this series can be grouped in tAAm classes: (1) those due to jloor 



Fig. 7 

riacture seven years after original injury, showing iriegularitj^ of the joint space due to flatten- 
ing of the articular surfaces. (Normal elbow at light.) 
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raductions, and (2) those due to fractures that had extended into the condyles and through 
me epiphyseal centers. 

j It is generalh" considered that, if a supracondylar fracture is reasonabl}* ivell reduced, 
‘there ndll be little, if anj% limitation of movement, and eventually the growing bone will 
become remodeled to offset any displacement (Figs. 3-A and 3-B). From observations of 
this group of fractures, this statement is true, with reservations. If the fracture is well 


above the articular surface and the joint 
is undisturbed, these fractures will heal 
with full elbow function. However, if there 
is forward or backivard tilt or rotation of 
the fragments, the articulating surfaces are 
deranged, and flexion and extension are 
limited to a corresponding degree. If the 
tilt is forward, the olecranon cannot com- 
plete its range of motion, and e.xtension will 
be limited. If the tilt is backward, the range 
of flexion will be limited. Rotation limits 
both fle.xion and extension and adds the 
strain of antagonistic muscle pull on the 
articulating surfaces. If the fragments are 
displaced laterallj’’ or mediallj^, a cubitus 
varus or cubitus valgus deformity ma 5 ' 
follow, but this is not alwaj's disabling. 
Considerable displacement is allowable, if 
the general alignment in both planes is 
satisfactory (Figs. 4, 5-A, and 5-B). 
y The necessity for accurate anatomical 



Fig. 8-A 



Fic. S-.\: Uueral condyl.ir fracture with rotation and displacement followinc inaccurate open re- 
duction and nailing one month after original injury. 

I'lg. T\\o years after original injurj-, shon-ing progre—ive growth disturhance and incrc;i>ing 
valgus dclormity. The range of motion is limited to 145 degrees of evtension ami 5.') degrees of fle-non. 
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TABLE I 

Fractures of the Lateral Condyles 
Complications in Group of Thirl j^-thrcc Fi’acturos 


Complications 


Xo. of 
Cases 


Growth disturbance S 

Non-union 4 

Fracture of half of capitellum 2 

Ulnar palsj'^ 2 

Radial palsy ] 

Avascular necrosis of capitellum 1 


reduction decreases as the distance from the articuiar surfaces and the growth centers 
increases. The remarkable power of growing bone to remodel itself has been apparent in a 
number of patients with displacement of fragments. If the fracture line, or part of it, ex- 
tends into the epiphyses, more serious complications supervene, and progressive growth 
disturbances in the form of early fusion, overgrowth, or avascular necrosis may develop. 
The fracture maj’- heal and function may return to normal, onlj" to have deformities 
develop 3 '-ears afterward. 

Avascular necrosis of the trochlea developed in four patients within a period of from 
two to seven years (Fig. 6). In two instances, it was associated with narrowing of the 
joint space and thinning of the articular cartilage (Fig. 7). In one patient, a capsulotomy 
was performed seven jmars after the initial injury, because of marked limitation of exten- 
sion. This resulted in onlj'’ a 35-degree increase in the range of e.xtension of the arm. This 
failure was due to flattening of the trochlea. 

Thirty-three lateral condjdar fractures were obseiu’^ed in this series. Twelve weiW 
treated bj’' manipulation and immobilization, with poor results in 50 per cent., a truly 



Fig. 9-A Fig. 9-B 

Fifi. 9-A: Fnicturo of the lateral concL’Ie with fracture of half of the capitellum. Anteropo.sferior 
view. 

Fig. 9-B: Lateral view, .showing fracture line extending through the capitellum. 
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impressive number, since this represents the general run of fractures of the lateral cond 3 'le. 
qnid the resulting deformities are more progressive and disabling than the deformities due 




/o supracondjdar fractures. 


Seventeen of these fractures veie treated b\' open reduction and nailing. Poor results 


occurred in three of these (Fig. 8-A). One fracture was immobilized for one month before 
operation, because of excessive swelling 
and cutaneous blisters. The fracture of the 
condjde was not accurateh' reduced and 
subsequent growth disturbances devel- 
oped. Another patient had a fair reduction, 
regaining full function of the elbow in six 
months, and then gradualh' limitation of 
movement w ith crepitation developed. One 
j^ear later, roentgenograms showed avas- 
cular necrosis of the capitellum (Fig. 

10-B). In addition to the fracture of the 
lateral condjde, there was also a fracture 
line through half of the capitellum, ivhich 
had escaped earlier recognition (Figs. 9-A 
and 9-B). There was one other patient m ith 
a fracture through the lateral half of the 
capitellum. This patient was follmved onlj’ 
four months and had no circulatorj' 
changes at that time. 

Four patients of the series with lateral 
condylar fractures received no treatment, 

a^d non-union was present in all. The con- ^ . . .1 

cn les were displaced and rotated, but were replaced 




Fig 10-H 

AMiNCuUir nccmMs of the capitellum and incrcaMiip joint di' d)ilit\ one \(‘ar after or>. n reduction 
ii'ulmp of fracture. 
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normal in size and displayed no evidence of circulatory disturbance. Two of these patieph 
were followed over a period of twenty years; and, although there was limitation of mov)“- 
ment, the lateral stability of the arm was preserved. I 

A transitory radial palsy developed in one patient folloAving the injury of the elbow; 
but this disappeared a few weeks after open reduction had been performed. 

In two patients of the untreated group, ulnar pals.y developed. In both patients it was 
associated with severe valgus deformity. In four of those treated by closed reduction 
cubitus varus deformities developed. 

Avasculai- necrosis of the epiphyses of the elbow region is a subject that has received 
but little recognition. AVatson-Jones presents an excellent illustration of this condition 
in a lateral cond3de. No mention of avascular necrosis involving the trochlea could be 
found. 

Phemister reported a six-month-old fracture of the capitellum, in which roentgeno- 
grams showed a displaced and rotated fragment that cast shadows of vaiying density. 
At operation, the cartilaginous fragment was loosel.y adherent to the S3movial lining, and 
its base was united to the bone b3’^ the undeid3dng cortex. The specimen was found to 
consist of cartilage which showed veiy little change. The bone was extremel3" porous and 
filled with fatt3'’ marrow. Microscopic sections showed that onl3'' small parts of trabecular 
bone remained. This trabecidar bone was necrotic, and there was a fibrous invasion of its 
marrow spaces. This invasion extended to the cartilage, and creeping substitution was 
present at its peripheiy. A similar fracture with slight displacement, occurring in a child, 
resulted in union in ten months. 

In children, fractures of the lower end of the humerus which extend through the 
capitellum or through the trochlea (which is more of an apoph3’-sis than an epiph3’'sis) 
separate the cartilage from its blood suppl3'' in the surrounding bone. If a portion of the 
lateral condyle is attached, the total blood suppb'’ lies in the soft tissue attached to this 
fragment. If, in the course of operative reduction, the soft tissues are removed, the whol/e 
fragment will undergo avascular necrosis. Eveiy effort should be made to I’estore plie 
fragment accuratel3'', without trauma to the soft tissues. 

There was one case of fracture of the medial epicond3de associated with a fracture of 
the olecranon. This fracture was first seen nine 3^ears after the original injury. The epiphysis 
had been avulsed and displaced downward into the joint, with marked disturbance of the 
medial condyle and non-union of the medial epicond3de. Flexion and extension were 
limited by 20 degrees. Undoubtedly open reduction would have been the method o'" 
choice in treating this fracture. This may not be true of fractures of the medial epicondyle 
which do not include a part of the medial condyle. An excision of the medial epicond3de 
rather than an open reduction, is the best procedure in such a case, for its remo^'al does no 
greatly influence the development of the lower end of the humerus. 

SUMMARY 

Contraiy to prevailing opinion, supracond3dar fractures can produce serious growtli 
disturbances if the fracture lines extend into the epiphyseal centers. Cubitus varus and 
cubitus valgus are not considered serious disabilities, if flexion and extension are complete. 
However, if the deformit3’’ is progressive and is caused b3'- disturbances in the growth 
centers, disabilities and limitation of motion ma3'’ occur years after the initial injury. 

A satisfactoiy reduction is one in which the alignment in both planes is good. Ah 
anterior or posterior displacement of the fragments, in which the articular surfaces are 
displaced to a corresponding degree, will produce permanent limitations of flexion and 
extension. Lateral displacement above the epiph3'^ses will produce valgus and ^^arus de- 
formities, but a good functional elbow ma3’’ still result. 

Supracond3'lar fractures in which the fracture line, or part of it, extends into the 
cpiplyses ma3' produce growth disturbances similar to those which result fi'om fractures of 
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thb lateral and medial condjdes. If the fragment is intra-articular and not attached to 
overlying bone and soft tissue, it muII undergo avascular necrosis. Supracondylar fractures 
of this type should have an accurate anatomical reduction ; and, if the fragments are dis- 
placed and rotated, an open reduction is probably the best method of obtaining accurate 
alignment. 

A series of lateral cond3dar fractures, in which there were poor results in 50 per cent, 
of the cases treated bj’ closed reduction, speaks for the ineffectiveness of this method. 
Earlj' open reduction with minimal trauma to soft tissues will give the best results. Avascu- 
lar necrosis of the capitellum will occur if the fracture line separates the epiph^'sis from the 
overljdng bone and soft tissues. Fractures of half of the capitellum occurred in two patients 
with lateral condjdar fractures. One had poor apposition bj' open reduction, and avascular 
necrosis occurred in one j'ear. In the other, the separation was not complete, the position 
was good, and healing was uneventful. 

Avascular necrosis of the trochlea maj' occur later, despite a good reduction of a 
supracond}dar fracture. It can cause stiffness at the joint, due to thinning of the cartilage 
and distortion of the articular surface of the humerus. 

Dela3’-ed ulnar pals3’ ma3' cause progressive growth disturbances, and was present in 
two cases of severe cubitus valgus deformit3L 

Fracture of the medial epicond3-le will not cause a serious disabilit3' unle.ss the frag- 
ment enters the joint cavit3'. Non-union is difficult to avoid in closed reduction. 
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DISCUSSIOX 

Dr. Edwix W. Ryersox, Chic.ygo, Illixois: This is a verj- important paper. I had no idea there was 
such a high percentage of bad results in elbow fractures in children. Dr. Wilson finds that about 50 per cent, 
m the cases that he has seen have been poor; that is appalling. Though I have always been an advocate of 
not doing open reductions on fractures, if a good result is possible without operation, I shall certainly change 
my ^iewpoint after seeing this demonstration. It is evidenth- necessary to repair by operation the malposition 
in many of these fractures. As I looked at the roentgenograms, it seemed to me that a large proportion of 
the®e fractures could have been adequately reduced and successful results could liave been obtained by the 
u«e of a hanging cast; and yet a hanging cast is not so successful in gi\ing traction to a snuill child’s elbow, 
because small children are not standing up all the time, and when they lie down, the hanging cast docs not 
produce anj' traction. I think man 3 - more such patients will have to be operated upon. I have IxH?n much 
impressed with the use of stainless-steel wires which are threaded into the proper po=ition and are cut off 
flush with the bone. This has been done for j’ears bj' Compere and Phemister and manj- of their men with 
.good results. Even though we have penicillin and the sulfonamides, there will be some infection® if we leave 
Vrircs sticking through the skin. 

Dr. T. C.vMrBELE Thomp®ox, Xew A'ork, X. Y.: This presentation i® mo®t appropriate a® thi-<‘ frae- 
tures have generallj’ been treated much too casualh". It is c\idcnt from Dr. McDonnell and Dr. 3\'il-on'® 
studj- that such fractures require .skillful treatment. It is our belief that all patient® with elbow fracture-, 
except po®®ibl\' those of the radi.al head, should be admitted to the hospital for a short period to check the 
naluction and avoid complications. One case of Volkmann's contracture i® ju®t one too manv. I should Ik- 
intcrevted to hear how the one ca.®e in this scries happened to occur. Xo credit can bo claimed for a prtrxi 
O'diiction of an elbow fracture if the irreversible reaction of fibro-is of the structures in the forearm ami lo-® 
of function in the hand ha® occurrtal. 
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"Pile use of traction, as described by Dr. Dunlop, as a method of primary treatment in fractures throi^jl 
the condyles and close to the elbow joint should always bo considered a method of primary treatment ratlAc 
than one used only when manipulation fails. f 

In regard to fractures of the external cond 3 dc and capitollum, it is evident that early open reduction i3 
the method of choice. Some surgeons maintain that they can reduce these fractures by manipulation, but 
many of us are not so dexterous. An early open reduction is indicated in these cases just as much as in 
fractures of the patella or olecranon where muscle pull is bound to displace a fragment. Certainly the fracture 
should be accurately reduced and the fragment firmlj- fixed, leaving the soft tissues attached to it in order to 
preserve its circulation. 

I should like to show the roentgenograms in a complicated case where such a procedure was not possible. 
In the ten-year follow-up it was interesting to see what has happened to the fragment, which included the 
entire capitellum, after it had been completelj' removed and replaced. For a time I thought this cpiphj’sis 
was actually growing, but now I am not sure. I should like to ask Dr. Wilson what procedure he would 
suggest in such a case. 

On June 23, 1937, this boy fell on his outstretched arm and sustained a fracture of the external cond 3 ’lc 
with medial dislocation of the forearm and humerus. The fracture was reduced elsewhere and the arm was 
immobilized in plaster for four and one-half weeks. Seven weeks after injuiy, August 12 , 1937, the boy was 
admitted to the hospital with complete disarrangement of the bon 3 ' landmarks about the elbow and motion 
of 80 to 105 degrees. Pronation and supination were limited, and there were ulnar-nerve symptoms. X-rays 
showed medial displacement of the radius and ulna and rotation of the external condyle. On August 14, 
through a posterior arthi'oplast 3 ' incision, the soft tissues were stretched freel 3 " and the dislocation was 
reduced. The external condyle had to be entirel 3 ' separated from the extensor muscles in order to replace it. 
It was held in position with a bone peg. The postoperative course was uneventful. Three months postoper- 
atively, movement was improving rapidl 3 ' (45 to 125 degrees) and pronation and supination were complete. 
At the end of three 3 'ears the flexion was perfect. Extension was limited to from 20 to 145 degrees. Pronation 
and supination were normal. X-ra 3 'S taken on January 14, 1947, ten 3 'ears after the operation, showed a 15- 
degree increase in the canying angle; motion of from 25 to 150 degrees was present. 

Dn. J. S. Speed, Memphis, Tennessee; I think this is too important a subject to pass over without 
some positive remarks being made with regard to it. Dr. Wilson’s paper clearl 3 ' illustrates the fact that open 
reduction is the only wa 3 " to treat fractures of the lateral condyle. Poor results in 50 per cent, of these cases 
illustrate the necessity for doing something immediatel 3 ’' when these fractures occur. We reviewed our cas^ 
many years ago and found that, in the vast majority of them, we could not reduce these fractures 83 '- clofeeo' 
manipulation. If 3 'ou want to get the best results in a large number of cases do an immediate open operation. 

Dr. Thompson’s case illustrates the point that the time to do the reduction is immediatel 3 ^ After three 
or four weeks the opportunit 3 ’’ to restore a normal elbow has been lost, because the blood supply to these 
fragments cannot be preserved if the elbow is operated upon late. To mobilize the fragment you have to take 
off the soft tissues, — thereb 3 ' interfering with the blood suppl 3 '. I would like to make a plea for immediate 
reduction with internal fixation in all fractures of the capitellum in children. 

Dn. John C. Wilson (closing): I wish to thank the gentlemen for their interesting discussion. The late 
circulator 3 " changes which occurred in the fracture fragments proved to be the most fascinating part of this 
stud 3 '. These are associated with rather bizarre growth disturbances. It is disconcerting to reduce a fractuie, 
tell the parents eveiything will go well, and then have the patient return in a few years with a severe dc- 
formit 3 ’. Sufficient attention has not been directed to the fact that changes in circulation do occur, and, if 
severe, will cause changes in the articular surfaces which ma 3 ’^ lesult in limited motion of the joint. 

It is believed that excision of the capitellum is not a good procedure. Even though it does not unite, it 
acts as a buttress to prevent doformit 3 ' of the elbow. This has been exemplified veiy well in the slides shown 
bv Dr. Thomjison, and it occurred in two instances in the scries of patients studied. 
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' THE CINEPLASTIC METHOD IK UPPER-EXTRE:MITy AZ^IPUTATIOKS 

BY RUFUS H. ALLDREDGE. M.D., XEW ORLEAXS. LOUISIAXA 

Recent renewal of interest in amputations and artificial limbs has resulted in the 
accumulation of additional information on the cineplastic amputation and prosthesis, 
which, if properly considered, may eventually increase the usefulness of this method. 
This information includes recent developments in the surgerj' of the method, as well as 
more knowledge of the shortcomings of the old type of prosthesis and principles which 
newer prostheses should incorporate. 

Sauerbnich’s cineplastic method is the only one which has sundved. and it is well 
knouTi everywhere, ha^'ing been in use for over thirty years. The purpose of this paper 
is to review some of the important principles of the surgerj' and prosthesis, learned in 
this country and in Germany during the past year. The work in Germany was observed 
by the Army Surgeon General’s European Commission on Amputations and Prostheses*’’’. 
eai'b' in 1946. Since that time, considerable work has been done on the prosthesis by the 
Committee on Artificial Limbs of the National Research Council. 

The Cineplastic Method in Germany 

The greater part of the cineplastic woi-k in Germany has been done in two centers, 
each with complete shop facilities for prostheses, located in the hospitals in which the 
surgery is done. F. Sauerbruch himself was activeh' in charge of the work at Charite 
Kranhenhaus in Berlin, and Prof. Max Lebsche was the surgeon in charge of this work 
at several hospitals in Munich, including the Chirurgisehe Klirnk of the University of 
^Munich. Several thousand cineplastic operatioiis were done on World War II amputees in 
these two centers. Patients were usually given a choice of the cineplastic method, the 
^Krukenberg operation, or the conventional methods not requiring special operative 
procedures. No particular method was urged upon any patient. The Kmkenberg method 
was commonly used on below-the-elbow amputations by manj’ surgeons, particularly for 
bilateral amputees. One reason for this was that, with the Ki-ukenberg method, a prosthesis 
was not required. For some bilateral amputees, the cineplastic method was used on one side 
and the Kmkenberg method on the other. Many amputees in cineplastie centers, where 
prostheses were available for the cineplastic amputation, chose the Krukenberg method. 
Many others, particularly unilateral amputees under the same circumstances, preferred the 
conventional methods which usually included the use of the work arm. 

In Berlin, the cineplastic method was used exclusively at Charite Kranhenhaus by 
Sauerbruch. Those desiring the Krukenberg method were cared for at the Oscar Helene 
Heim; there over five hundred Krukenberg operations had been done, the majority on 
bilateral cases, and over fifty of these on blind bilateral amputees. In Munich. Lcbsche used 
all methods, according to the needs and desires of the individual patients. 

The results of cineplastic surgery in the patients seen were generally excellent. 
Complications were rare, and the muscle motors had good excursion and strength. Sauer- 
bruch had continued to use the standard technique, but Lcbsche had introduced a modifi- 
cation which seemed to give improved results without unduly complicating the procedure. 
In addition to the use of the usual Sauerbmch technique, he had practised liberation or 
division of the distal insertion or attachment of tlic muscle through which the tunnel was 
placed. This modification had been used by Lebsche on over five hundred ca-es during the 
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Fig. 1 


Surgical technique of cincplastic muscle-motor construction. 


three- 3 'ear period from 1943 to 1946. Many of the results were seen in all postoperative 
stages' and a dednito impression was gained that the muscle motors had more strength and 
excursion, and that they could be better controlled by the patient, than any seen else- 
where. A number of patients operated upon elsewhere by the standard technique were seen 
in IMunich before and after further surgeiy was carried out by Lebsche to liberate the distal 
muscle attachments. These patients were definitely improved by this additional procedure. 

The German cineplastic prosthesis was essentially the same as that originally de- 
veloped by Sauorbruch and his associates. It lacked many desirable cosmetic, functional, 
and mechanical features. 
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principles of the Cincpiastic Method 

The cineplastic method of Sauerbruch has been described in tliis countiy in numerous 
articles by Kessler and in a monograph by Nissen and Bergmann. It is not necessary* to 
repeat much of rvhat has been said in these excellent writings; those who are iuterested 
are referred to them for further details. 

The distal ends of the muscles of the stump are canalized b 3 ' the use of skin tubes. 
Usually two are emploj'ed, one through the flexor muscles and one through the extensors. 
After sound surgical healing has taken place, a rod passed through the skin-lined muscle 
canal or tube is activated bj*^ contraction of the muscle. The rod is connected to the pros- 
thesis from each end; and the flexor muscle motor thus acts upon the artificial hand to 
close it, while the extensor performs the opposite function. 

Preoperaiive Care 

The preoperative care of the patient consists chieflj' in the use of exercises to develop 
fulty the muscles of the remaining arm stump and those which act upon it. All of the 
muscles are thorongVily exercised, and the patient, is taught to develop active use of the 
muscles through which the muscle tunnels will be placed. Patients who have actively used 
the muscles of the stump in their dailj’' actmties maj' not need anj^ special exercises, but a 
period of from one to six weeks maj’' be required for proper muscle development. 

Principles and Technique of Cineplastic Surgery 

Cineplastic operations in Germanj’- are performed with the use of local infiltration 
anaesthesia exclusivelj'. No tourniquet is used. This enables the patient to cooperate fullj^ 
uith the surgeon in properlj^ carrj'ing out the operation. After the limb has been adequately' 
prepared, draped, and anaesthetized, the patient is Lnstmeted to actively contract the 
^muscle through which the skin tube is to be placed. This materially assists the surgeon in 
locating exactly the most desirable site of incision for the skin flap from which the tube is 
to be constructed. The skin flap is planned in such a way that, when it has been converted 
into a tube, the tube will lie at a right angle to the fibers of the muscle through which it is to 
pass. It should be at the level of the most distal part of the muscle belly which can be used 
for perforation. The skin flap should be designed so that the tube will be as wide and as 
short as possible. The size of the skin flap varies at each level, being smaller below the elbow 
than above. 

The incisions for the flap are made on three sides of a square or rectangle, so that a 
square or rectangular flap is made with its base left attached. The two parallel incisions 
are made transverse to the axis of the muscle fibers to be perforated. All three incisions 
extend through the subcutaneous tissue and fat, and the deep layer of fascia. .Vll of these 
structures are then undercut and reflected as a flap to the base, which is carefully left 
intact. 

The flap is planned so that its base is toward the side of the arm having the best 
circulation. Below the elbow the base is toward the radial side, and above the elbow 
it is toward the medial side. For the pectoral flap, the base is toward the axilla. When two 
muscle motoi-s are to be used, thej' maj' be constnicted at the same operation and the 
bases of both flaps may be toward the same side, even if they are at the same level of the 
stump. The bases of skin flaps may be planned in the opposite directions if scars are present 
which might interfere with circulation to the flaps- 

The elevated skin flap is suspended and held taut by the use of two stay sutures, 
while the surgeon sutures the edges of the flap together to form a tube, using internipted 
oxtracutaneous, non-absorbable sutures (Fig. 1). The suture line is started at the free end 
of the tube, and is continued toward the base of the flap tintil the skin edge' will no lonuer 
come together. The underlying muscle belly is then held by the operator with the thumb 
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and finger of the left liand, while the muscle is perforated with the muscle dilator (Fig. 1)! 
The muscle perforation must be larger than the skin tube, but under no circumstances 
should the perforator be pushed far enough to rupture the muscle. The peiforation is never 
made through tendons, and it is important that it extend through the muscle and not 
between muscles. The muscle is perforated in such a Avaj’- that one-third to one-half of the 
muscle belly is left over the superficial surface of the tunnel. The skin tube is pulled through 
the muscle tunnel b}^ the use of the staj'’ sutures originally applied. The tube is then rotated 



Pliotogiaph of bilateial foieaim amputee. Bilateial foieaim fle\oi and e\tensoi muscle motors 
have lemovable ivoi^’’ pegs thiough tunnels 



Fig. 2-B 
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Fig. 3-B Fig. 3-C 

Fig. 3-.\; Biceps muscle motor for short bclo«-the-clbo\v amputation. 

Fig. 3'B; Front view, showing attachment of prosthesis to ivory rod. 

Fig. 3-C; Prosthesis is attached. (The surgerj- and prosthesis are German.) 

proximally 90 degrees at the distal end, so that the suture line is placed on the proximal 
side of the tulie. This removes the suture line from the pressure of the rod when the pros- 
thesis is used. The end of the skin tube is then sutured to the center of the nearby free edge 
of the skin. If the tube is found to be longer than necessaiw', it may be shortened liy remov- 
ing some sutures and spreading out the open end of the tube over the underlying muscle. 
Tliis also helps to cover the denuded area. 

This is the point at which the distal muscle attachment is liberated when Lebsche's 
technique is used. The muscles can be freed up or the tendons can be divided by under- 
cutting and retracting the distal free skin edge. The remaining open wound is elo-ed as 
much as possible by skin sutures at the sides and corners. The free skin edges are sutured 
subcutaneously, directly to the exposed muscle. The remaining area is covered by a skin 
Svaft, 0.02.5 to 0.02S of an inch thick. .Vfter the graft has been sutured in place, a pres-ure 
dre.ssing is applied without the use of a splint. The skin tube is left empty until wouml 
healing has taken place. 

In the construction of the biceps muscle motor, where the full length of the bicep-. 
IS present, it is important to plan the flap so that the tube formed from it will be at a 
u'gher level than the distal end of the biceps muscle belly, while the di'tal tendon i- 
attached. The muscle is perforated, as usual, through the distal end of the muscle fibers. 

30 .\, Xt\ j. 104s; 
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which is coBsiderabl}^ distal to the level of the skin tube. The elbow is then flexed to brin| 
the biceps perforation proximally to the level of the skin tube, so that the tube can easily 
be placed through the muscle opening without undue tension or stretch on the tube. Th( 
biceps tendon and the lacertus flbrosus are divided, after which the level of the muscle 
perforation permanentl}^ moves up to the skin-tube level, as a result of the muscle shorten- 
ing which takes place when its insertion is liberated. The elbow can then be extended with- 
out disturbing the level of the muscle tunnel or the skin tube. The patient has independent 
action of the elbow and of the biceps motor. After such a procedure, elbow flexion by th€ 
brachialis is apparently as strong as it rvas with the biceps insertion intact. 

In construction of the pectoral motor, a separate incision is made over the anterioi 
axillary fold to the insertion of the muscle. This incision is usually four or five inches (ten 
or twelve centimeters) in length and starts direct^’' at the center of the free edge of skin, 
from vdiere the skin flap has been raised. Aftei- tlm insertion of tlie muscle has been released, 
the incision is closed in the usual way. 

Postoperative Care 

The dressing is taken off in ten or twelve dajrs, at which time the sutures are remo^'ed. 
A rod, similar to that which is used with the prosthesis, is inserted into the muscle tube; 



Fig. -1-A Fig. 4-B 


Fig. 4-A: Biceps and triceps miiscle”motorb for amputation through elbow. Cineplastic surgery was 
performed in 1919 in Germany. 

Fig. 4-B; Geiman prosthesis is attached. Tiiis patient has used a prosthesis continuously since 1919 
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Fig 5 


Fig 6 


Fig 5: Shows harness arrangement for above-the-elbov\ prosthesis The posterior extension cord of 
the harness fle\es the elbow, and the anterior extension cord supinates the hand m the prosthesis. 

Fig 6 . The pectoral-muscle motor and prosthesis (Surgerj’ and prosthesis arc German.) 


and, ndth the muscle stretched, the patient is instructed to contract the muscle. This pro- 
cedure is repeated daily until complete healing takes place; thereafter, the patient carries 
but his own exercises. It is necessary for the exercises to be performed against a pull or 
stretch on the muscle through the rod. This can be done by the patient or some other indi- 
vidual pulling on the rod enough to stretch the muscle to its full length. Sometimes a 
weight is suspended from the rod which passes through the muscle tunnel, and the patient 
exercises the muscle bv standing and pulling the weight against gravity. The v eight max 
be increased dailj’’ as the pox\ er of the muscle increases. These exercises against a pull on 
the muscle to stretch it are especially important in cases in which the distal muscle attach- 
ment has been liberated. The e.xercises are continued until the prosthesis is fitted. The 
muscle tubes are cleansed dailj’’ with soap and water and alcohol. Powder is not used. A 
minute sleex^e of cotton fabric, similar to stockinette, max' be used ox'er the rod'' to protect 
the skin tunnels. 


Sites of Muscle Motors 

The judgment necessarx' in deciding upon the sites at wliich muscle motors are to be 
placed for amputation at the x'arious lex'cls can best be dex'eloped from a thorough under- 
standing of the X'arious possible tx'pes of prostheses. as w'cll as all other aspects of the 
method. Faulty placement of the motors may result in complete failure, even though 
'' surgerx' is otherwise carried out propcrlx'. The longer the muscle through which the tube 
is passed, gcneiallx' the greater will be the excursion of the muscle motor. .Vt be~t, a 
muscle motor usuallx' cannot hax'e an excursion greater than half the length of the mU'Cle 
belly through which it passes. Excuu-ion of the muscle motor is. therefore, determined bx- 
the length of the muscle. Excursion i*- more important than "-trength. The strength of 
muscle, unlike excui-sion. is not related to length, but is in direct proportion to the thickne— 
or diameter of the muscle. The strength of a muscle can be altered bx- exerci-e- which in- 
crease the diameter; but the excur'ion cannot ea-ily be altered ^o favonibly. -ince the 
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length of the muscle cannot be increased. This means that muscle motors will function 
better in long stumps than in short ones. Furthermore, patients M'ith long stumps have 
better control of the prosthesis than those with short stumps. ) 

Generali}^ speaking, muscle motors should not be constructed on stumps whicli 
terminate at the level of or proximal to the juncture of the middle and upper thirds of the 
arm or forearm. In short forearm stumps, the biceps alone or the biceps and triceps are 
tunneled. When the amputation is higher than the middle third of the upper arm, the 
pectoral tunnel is used. 

Flexor and Extensor Muscle Motors for Forearm Ampidaiions 

Usually Uvo muscle motors are used in the forearm stump of good length, — one 
through the flexor muscles and one through the extensors. The muscle tunnels are placed 
through the most distal part of the muscle bellies, just above the musculotendinous junc- 
ture. The flexor tunnel is placed through the flexor digitorum sublimis, and the extensor 
tunnel through the extensor digitorum communis. It is important that the tunnels pass 
tlirough the muscles and not between them. 

The best length for a forearm stump is at the level of the lower and middle thirds, 
or slightfy below this level. Amputation through the wrist does not provide a favorable 
site for cineplasty. The flexor motor closes the artificial hand and the extensor opens 
it. The prosthesis does not extend above the elbow. Passively operated rotation at the 
wrist ma5^.be locked at an}^ point. There is also a lock to maintain the hand in the closed 
position for prolonged holding. The fle.xor motor has more stz-ength and e.vcursion than 
the extensor; but, since the function of opening the hand is much less important than that 
of closing it and grasping, this makes little difference. Forearm motors have less strength 
and excursion than those above the elbow; but this does not detract from the practical 
result, as the motors are nearer the prosthesis, and the retained elbow function makes the 
end result ,at least as good as that in cases in which above-the-elbow motors are u.-ed for 
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biceps tunnels fop short 
below elbow stump. 




Same as f i^.3 with 
■flexor surface holding 
tunnel on fore arm stump. 



Site*' for mu'*clc motoi>. 

abovc-tho'Clbow am])utations. Forearm motors arc best used at a level which corre.^pond- 
to the ends of the bellie.^ of the muscles through which the tunnels pa'=~. and should not be 
R'-ed in any forearm stump which terminates at the level of or pro\imai to the Juncture of 
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Fig. 10 

The Krukenberg stump in German war wounded. A prosthesis is not usually employed on this type 
of stump. 

the middle and upper -thirds of the forearm. The average excursion of the forearm flexor 
motor is from 1 to 2 centimeters, and that of the extensor is from 1 to 1.5 centimeters. The 
flexor motor is capable of pulling from fifteen to twenty-five pounds, and the extensor from 
ten to fifteen pounds. J 

Flexor Motor Alone on Forearm Stump 

Although there are good theoretical reasons for using both the flexor and extensor 
muscle motors whenever possible, it is not always necessary to do so. The flexor motor 
alone maj^ be used if the extensors cannot be utilized, or if the patient prefers only one 
motor. In this case, a spring in the hand performs the function of the extensor motor. A 
number of patients with single flexor motors of the forearm were observed in Munich; and 
some patients actually preferred the use of only one, declaring that they could do as much 
with one motor as others could do with two. With only one motor, it is necessary for a 
leather strap to be used above the elbow to help suspend the prosthesis; otherwise the 
prosthesis is the same as that used for double forearm motors. 

Biceps and Triceps Motors for Ampidations below the Elbow 

When the forearm stump is too short for canalization, either a biceps motor alone 
or a biceps and a triceps motor ma}’’ be used. Lebsche usuallj^ emplo 3 '-ed the biceps motor 
alone for short forearm stumps. The results in these cases were among the most impressive 
of an 3 " seen in German 3 u Lebsche also used the single biceps motor in many long forearm 
stumps from choice, in men who had to do work that was heavier than average. The biceps 
muscle motor, when used for amputations below the elbow, gives the best function of all, 
whether it is used in conjunction with the triceps motor or alone. When the biceps motor is 
used alone, it acts on the prosthesis to close the thumb and fingers simultaneous^^’ and a 
spring opens the hand, instead of the triceps motor. The elbow of the prosthesis is moved 
b 3 ^ the short stump, which fits into a socket; otherwise the prosthesis is the same as that 
for forearm flexor and extensor motors. When the triceps motor is used with the biceps, the 
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former sen-es to open the hand instead of the spring. The biceps motor has an excursion of 
*from 5 to 7 centimeters and n-ill pull from forti-- to seventj’ pounds of weight. The triceps 
has much less excursion and strength than the biceps. 



Fig. ll-.-V Fig. 11-B 
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Biceps and Triceps Muscle Motors for Amputations through and above the Elbow 

j 

These motors may be used successfull3'- on amputations through the olbou' joint, bu 
it is necessary for the portion of the prosthesis above the elbow to be elongated by tin 
insertion of the elbow mechanism below the end of the stump. In such a case it is necessary 
for the forearm part of the prosthesis to be shortened, for equalization of over-all length 
The site of choice for above-the-elbow amputations is just above the cond5des of th( 
humerus. The biceps motor closes the hand and the triceps opens it. In addition, activ( 
supination of the hand at the wrist joint and active flexion of the elbow of the prosthesi; 
are obtained b3’' the use of a shouldei’ hai’ness. A .spring in the artificial hand acts agains 
supination to return the hand to a resting position of pronation. These muscle motor; 
should not be used on stumps which terminate at the level of or proximal to the juncture 
of the middle and upper thirds of the arm. 

The Pectoral-Muscle Motor 

The pectoral motor has the greatest excursion and strength of any motor in the uppei 
extremit3L Excursion ranges from 5 to 9 centimeters, and strength from fift3^ to over one 
hundred pounds. Unfortunatel3'’, the amputee is unable to control the function of the 
pectoral motor as well as that of the others, and much of its strength and excursion are 
lost in transmission from the motor to the prosthesis. The pectoral-muscle motor mav 
be used alone on stumps too short for biceps and triceps motors, or in conjunction with 
biceps and triceps motors. Lebsche has used the pectoral motor in man3'' cases, including 
some bilateral amputees, and the results have been encouraging enough to justif3^ con- 
tinuance of its use. 

The Holding or Stabilizing Tunnel 

In some cases, skin tunnels are constructed purely for the purpose of stabilizing the 
prosthesis on the arm stump, and the3'’ ma3'^ or ma3’’ not be passed through part of a muscl^ 
On short below-the-elbow amputations in which the stump tends to become displaced out 
of the socket of the prosthesis with flexion of the elbow, a skin holding tunnel on the flexor 
surface of the short stump may aid materially in maintaining the stump in the socket. This 
t3^pe of holding tunnel usualb^ does not pass through the muscle, as no great amount of 
pull is exerted upon it. Another site for the placement of a holding tunnel is the posterior 
surface of the above-the-elbow stump, when the pectoral motor is used to move the pros- 
thesis. This tunnel is subject to great stress in offsetting the forward displacement of the 
prosthesis by the powerful pull of the pectoral motor, and is constructed in the usual wa3' 
and placed through the muscle. 

Muscle Physiology in Pelatioii to Cineplastic Muscle Motors and Prostheses 

There has recently been a revival of interest in the ph3''siolog3'’ of muscle in relation to 
the requirements of the prosthesis for cineplastic amputations. The Universit3^ of California 
workers for the Committee on Artificial Limbs have reviewed muscle ph3^siolog3'' and made 
rather extensive studies of the ph3'-siolog3'- of the muscles of cineplastic amputees in whom 
the insei’tions of the muscles had been divided. Dr. ^’erne T. Inman has been most inter- 
ested in these studies; he and his co-workers have made interesting and valuable observa- 
tions, the implications of which are clear regarding the requirements of the cineplastic 
prosthesis. Inman and the California workers have studied the dynamics of isolated human 
muscle in cineplastic amputees, to determine the characteristics of muscle which are essen- 
tial in the design of a prosthesis b3^ which the potentialities of the muscle can be realized. 
A definite relationship has been revealed, b3’’ studies of isometric muscle tension, between 
the length of the muscle and its active tension" The greater the muscle length, the greater 
the tension that can be developed. A stud3" of the abilit3' of the tunneled muscles to shorten 
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jlgainst increasing loads revealed a linear relationship between the load and the distance 
The muscle could shorten, — the greater the load, the shorter distance the muscle could move 
it. Attention has been called to the natural compensatoiy mechanisms in the bodj', causing 
the muscle to be used at its most advantageous length. The necessity for the interposition 
of compensating mechanisms in the prosthesis to mimic those in the body has been pointed 
out. What is needed, in other words, is not mereh' a force multiplier which goes into 
action when a certain amount of pull is applied. Mechanisms must be developed which 
vill maintain the tunneled muscle at its greatest length, throughout the range of motion 
of the various parts of the prosthesis. 

The German prosthesis and its modifications do not incorporate am- of the principles 
suggested by these studies. 


SL'MM.VRA' 

Obseiwations bj' the Armj* Surgeon General’s European Commission on Amputations 
and Prostheses early in 1946, and the work of the Committee on Artificial Limbs since 
that time, have resulted in additional knowledge of the cineplastic method. The only 
cineplastic method still in use is that of Sauerbruch, developed in Gennanj' during and 
after World War I. Little was known, until early in 1946, of the status of cineplasty in 
Germany or of the management of arm amputations in general in that countrj' during and 
since World War II. 

The cineplastic method was found to be in active use chiefly in two centers, Munich 
and Berlin. Cineplasty was b}' no means used to the exclusion of other methods, even in 
these two centers. Patients were usuallj' given their choice of the three methods generally 
used, — the cineplastic, the Krukenberg, and the conventional methods requiring no special 
surgical procedures. 

Prof. Max Lebsche of Munich introduced the practice of liberating the distal attach- 
, ment of the canalized muscle in cineplastic operations. This modification seemed to 
improve the results without unduly complicating the procedure. The surgerj* of cineplasty 
was found to be highlj' developed. It is doubtful if the surgical aspects of the method can 
be improved appreciably. 

The principle of the method consists in the use of two muscle motors on the arm: 
these are constructed by raising a flap of skin on the stump and converting it into a tube., 
which is placed through a hole in the muscle belly. IWien the muscle is contracted bj' the- 
amputee, the tube is moved. A rod through the tube is connected to the prosthesis. Active 
contraction of the muscle thus governs the action of the prosthesis through the rod. One 
nniscle motor is con.structed on the flexor surface of the arm and the other on the extensor 
surface. 

The selection of the sites for placement of the muscle motors is of the utmost impor- 
tance. The muscles should be tunneled at the distal end of the muscle fibers. The excursion 
of the muscle tunnel is in direct proportion to the length of the muscle through which the 
tube passes. The strength of the motor is in direct proportion to the width or diameter of 
the muscle belly. The biceps alone or the biceps and triceps should both be canalized for 
riiort stumps below the elbow, and the pectoral motor should be used for short arm stumps 
above the elbow. 

The preoperativc and postoperative care, consisting chiefly in proper muscle e.xerciscs. 
>s liighly im]jortant. Before operation, all of the muscles are strengthened to the maximum 
rxtent, and the patient is taught selective use of those to be tunneled. Following operation, 
the patient is taught active use of the muscle motors, while the muscles are stretched to 
flicir full length. Strength and excursion of the motors are increased by active contraction 
of the muscle motor against gradually increasing resistance on a rod which passes through 
<he tunnel. 

4 he German prosthesis is still essentially the same as that originallv developed.. 

'■<11.. NO. 2. . 


.M’llIL I!HS 



372 


R. H. ALLDREDGE 


It is lacking in cosmetic, mechanical, and functional qualities. It is also ver}'- delicate, anal 
the component parts are subject to wear and frequent breakage. At present, no prosthesis 
is known which is essentially different or better than the German one. ''' 

Much recent work has been done on the cineplastic method by the Committee on 
Artificial Limbs. Fundamental research has been^carried out on cineplastic amputees, mth 
particular regard to the physiology of the muscle motors in relation to the mechanical 
needs of the prosthesis. Results of these studies at the University of California have already 
indicated a definite need for compensatoiy mechanisms in the prosthesis, to take the place 
of the natural ones which were lost Avhen amputation was sustained. The incorporation of 
these and other valuable principles, worked out by the Committee on Artificial Limbs, 
should improve the future prosthesis appreciably. When this has been done and a better 
prosthesis has been made available for use in proper^ organized cineplastic centers, the 
method may well enjoy more extended use than at present. 
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DISCUSSION 

Dr. Paul B. Magnuson, Chicago, Illinois: As you know, Dr. Alldredge was Chief of the Amputation 
Service at one of the Army General Hospitals during the War and was selected by the Army and the Com- 
mittee on Artificial Limbs of the National Research Council to go to Germany with certain engineers, accom- 
panied by Colonel Peterson of the Army, to investigate the possibilities of improvement of artificial limbs. I 
think most of Dr. Alldredge’s time there was spent in investigating the cineplastic technique. He stayed longer 
than the rest of the Committee, and came back after studying the possibilities of the cineplastic operation. 

The cinepfastic operation differs in two ways from the old Sauerbruch method: (1) The muscle is 
severed from its attachment; and (2) a very much larger tube is made, through which the peg is passed. 
Both changes seem to be important. The size of the tube is larger and, consequently, the skin lining the 
tube can be kept in much better condition. The larger the tube and the larger the peg, the less pressure there 
is on the slcin with movement of the apparatus. 

The Committee on Artificial Limbs has been trying to devise better prostheses for use in these cine- 
plastic operations, and that is a mechanical problem which has up to now baffled some of our best mechanics. 
Dr. Inman of the University of California has gathered, in the process of this investigation, some very 
interesting facts on actual muscle motors. I think I heard him say that he had seen pull of 100 pounds 
e.xertcd by the biceps in a straight pull. Most of the power exerted is in direct proportion to the length of 
travel of the muscle. You can develop the breadth of the muscle, but the amount of acceleration depends 
upon where the peg is placed. It seems to be necessar 3 ' with most of these prostheses, if we are to get good 
results, to place the peg right and to choose the right muscles for giving power. Some kind of a booster 
mechanism will have to be made in order to get extra giip. There are certain other features which Dr. Wilson 
will bring out. 

I have seen Dr. .-Vlldrcdge do some of these operations. A patient who is willing to work before the 
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^ration will get good results from this cincplastic amputation. "We have not forced this operation on anv- 
pne. We have asked for volunteers. Some enthusiastic surgeons have done operations without having had 
muscles developed premously and without knowing what sort of prosthesis the patient was going to 
'wear. I hope tliis operation null not become too popular because it is easy to do. Its success will depend upon 
the following factors; placing the tube in the right place, the development of the muscles before the tube 
is placed in position, and the development of a proper prosthesis. Just now the poor prosthesis is the great 
handicap. 


Dr. Philip D. Wilson', New York, X. Y.: I want to congratulate Dr. Alldredge on this excellent motion 
picture, which I think has showed both the surgery and the results in. a way that has not been done before. 
In our enthusiasm for the cineplastic amputation as it is shown today and for the recent developments in 
Germany, we must not lose sight of the pioneer work that Dr. Henrj' Kessler did in this countiy. For many 
years he was the lone person in this country to do this operation. He went to Germany to learn the technique 
in the 1920’s. He brought back appliances and set up his on'n bracemaker. This has been purel\- a philan- 
thropic endeavor on his part. 

We are held back by the lack of a suitable appliance. The surgerj- is much further developed than the 
prosthesis. Even toda}', inth all the efforts of the Committee on Artificial Limbs, with considerable funds at 
their disposal, and with considerable scientific talent to call upon, we have been slow to produce a hand that 
is as good as the one the Germans have been manufacturing for some j-ears. I do not say we are not going to 
find the answer, because I think we will, but it is vcrj’ difficult. 

The study of the phj'siologj’, made by Dr. Inman, is veiy interesting. I hope, if time permits, that we 
may hear from him. In 1918 I accompanied the late William Baer to Itah' to study and report to the U. S. 
Army on the cineplastic amputation which was done by Putti. We had many talks n-ith Putti and his asso- 
ciates and nith Dr. Vangetti, who originally conceived the procedure. Their procedure was based on tendons 
rather than on a tunnel. Dr. Putti, following the idea of Sauerbruch, developed a tunnel in the muscle belly, 
and that has proved better. 

The advantages are as follows; First, there is an appliance which the nian does not operate with a shoul- 
der strap. Second, there is direct control, which can be separated from other movements of the arm and can 
be performed with the arm in any position; this is not true of the hand operated with a shoulder strap. Third, 
the man has a sense of feeling, which comes from deep muscle sensibility, about the size of an object and its 
form. These are distinct advantages. Certainly if a man were blind, the method would have a great advantage. 

I think that, for a man with a bilateral amputation, the cineplastic method holds great promise. Yet I 
\am not sure, from what I have seen, but that a man properly equipped ivith hooks can do just as much with 
h'js hooks as the man with a bilateral amputation who has had the cineplastic method carried out. 

The disadvantages lie in the apparatus; its form certainly is bad for the sensitive nature of some of these 
people. Dr. Baer and I, in our report to the Army in 1918, pointed out, first, that the procedure was still 
e.xpenmental; second, that it should be done only bj' surgeons who were verj- familiar with the method and 
who had the appliance available; and third, that the surgery is still superior to the appliance. I think those 
conclusions still hold and may be basic. 

Dr. Verne T. Injlvn, S.\n Fr.\ncisco, C.\liforxia; I wish to thank Dr. Abbott and Dr. .Alldredge for 
the opportunit 3 ' of discussing for a few minutes the problem of the cineplastic method of amputation. I feel 
rather deeply about this subject, since on the surface it appears that this method should bo a definite step 
forward in our search for procedures to increase the function of the artificial hand. However, its success so far 
has been questionable; and I have heard the surgeon put the blame on the limb manufacturer and the limb 
manufacturer place the blame on the surgeon, because of the inability to develop a prosthesis which would 
full}' exploit the apparent potentialities of the muscle tunnel. Certainly the responsibility rests as much upon 
the surgeon as upon the prosthesis manufacturer. 

One of the reasons why greater success has not been achieved is that surgeons have forgotten many of the 
fundamental principles of muscle physiolog}'. This is ei-idenced by the fact that we have permitted the pros- 
thesis manufacturer to construct an arm, based upon the attempted utilization of the muscle directly to move 
the fingers. We have failed to recognize the presence of a reciprocal relationship between the laws of muscle 
contraction and the geometry of the joint. -A muscle becomes more poiverful as it elongates and loses tensile 
In the body, this decrease in strength as the muscle shortens is conqwnsated by 
I'cr arm or by the separation of origin and insertion during contraction, as exemplified 
tn two-joint” muscles. The present prosthesesfailin not adequately supphing such a comj)ensator}' mecha- 
nism, with the result that power of grasp is rapidly lost as the artificial hand is clo^d. There is no hoiK-, a- 
far as I can see, in utilizing the tunnel directly without the insertion of some cornporisating mechani-m which 
will duplicate to some degree the mechanism of the human body. 


strength as it shortens, 
changing the effective le 
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LATERAL SKELETAL TRACTION IN THE TREATMENT 

OF forearm 'fractures =*= 

BY E. H. WHITE, M.D., AND JEAN M. STEVENSON, iM.D., CINCINNATI, OHIO 

From the Department of Surgery, University of Cincinnati Medical College, and the 
Cincinnati General Hospital, Cincinnati 

The maintenance of the normal width of the interosseous space in fractures of tl 
shafts of the radius and the ulna has long been recognized as essential. The various methoc 
of fixation most commonlj^ employed— such as open reduction with subsequent plating ( 
grafting; threading the fragments over a pin; emplojdng mechanical splints, with multipt 
pin fixation and external-bar splinting; and the use of Jei'^erage screws, ns described b 
Carrell — testify to the importance of preventing angulation at the fracture level with 
resultant loss of supination and pronatiou. In compound fractures which are draining, an 
which are not examined until after initial treatment has been started, the orthodo 
methods are either not applicable, or can be emploj'^ed only after an unnecessary dela} 
The authors recognize that, since the advent of the sulfonamides and penicillin, ope 
reduction and metal fixation have been advocated even in the presence of wounds that ar 
not entirefy clean. We believe that this is a procedure involving considerable risk, excep 
in carefulfy selected cases. A method that could be emplej'^ed effective!}'’ and safely wouli 
afford obvious advantages. 

The secondary closure of wounds which have had careful debridement often may b 
successfully accomplished within the first week after the injuiy. This practice would un 
doubtedly facilitate the healing of wounds, so that in many the introduction of metal a 
the fracture site would soon be tolerated. Hoivever, that time, callus would be present 
and an appreciable delay in treating the fractures would have occurred. 

In addition, compound fractures are encountered in which there has been sufficipili 
loss of cutaneous tissues to make secondary closure impossible. Such adjuncts as skin- 
grafting and relaxing incisions ma}' be employed; but these, too, ma}' fail to prepare the 
tissues for a safe approach to an open reduction of the fragments before the}' have become 
fixed in malposition. 

We were interested in employing a method whereby the fragments could be controlled 
at the earliest possible moment without jeopardizing the healing of the wound. The prin- 
ciple adopted involves the use of a cylindrical screw, inserted through the normal skin to 
one side of the compound wound and fastened to the forearm fragment most closely ad- 
ducted to the other bone of the forearm. Portable traction is applied to the screw. The 
deeper fragment serves to elevate the more superficial fragment, and traction is employed 
until union maintains the desired position. Reductions are easily obtained, and the wound 
is accessible for dressings, secondaiy closure, or grafting, while the fracture is uniting. 

After employing lateral screw traction on several old, infected forearm fractures, with 
good results, we were encouraged to attempt the same principle in elective surgery. Too 
often when metal plates are employed in fractures of the radius and ulna, they must subse- 
quently be removed, after union has been obtained, because of insufficient soft-tissue 
coverage. The ease with which a single screw, projecting through the skin, may be removed 
without anaesthesia has obviated the necessit}' for a second operation. 

PROCEDURE 

Under novocain or. preferably, pentothal anaesthesia, a stainless-steel screw, of 
adequate length and with large threads, is inserted into either the distal or the proximal 

♦ Road before the Tii-St.ate Orthopaedic Societj', April 19, 1947. 


374 


Tin: jouRN'Ai. or uo.vi; a\i) joint .si roijrv 




376 


E. H. WHITE AND J. M. STEVENSON 


the position of the fragments. Traction is maintained until there is roentgenographic e( 
dence of bony callus, at which time the screw may be removed and a second cast may I> 
applied if necessary. We believe that traction should be maintained until fairly firm unioi 
is obtained, because of the ever-present danger of a recurrence of deformity by the muscli 
pull of the pronator quadratus and pronator teres. It is imperative that some contact exisi 



Fig. 2-A 

Case 2, G. M. Loss of interosseous space, following compound fracture of radius of fifteen days 
duration. 



Fig. 2-B 

Parti.al restoration of interosseous space with improvement in position of radial fragments, 
following five daj’S of traction. 
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Fig. 3-A 

Case 3, D. B. Simple fracture of radius with simple and compound fractures of the ulna. 



Fig. 3-B 

Three days after insertion of plate and screw traction. 



Fig. .3-C 

Four week's after oi)enition, at winch time ~criw wa's remo\ed and ^ecoIni unna'ld'-d lone arm 
c-M was applied. 
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between fragments, inasmuch as complete displacement would result in loss of control/ oi 
one fragment. However, overpull has not been a problem, because of the limiting effort 
of the interosseous septum. 

Case 1. W. R., a male, ( \vcn(,y-l\vo years old, enteied the Hospital on October 13, 1944, wearing a 
padded long cast for a lifle-bullcl wound of the forearm, received on October 1, 1944. Sulfanilamide had been 
sprinkled into the wound at the time of injury. The initial sui’gei'y, which was carried out elsewhere twcnty- 



Fig. 4-A 

Case 4, H. G. Compound fracture of ulna seventy-two hours after injury. Previous treatment 
consisted of ddbridement, packing with vaseline, and application of cast. 



Fig. 4-B 

Excellent restoration of interosseous space, following five days of skeletal traction. Screw has 
been in.«erted to proper depth. 
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fou^ hours after the injury, consisted of debridement and fixation in a cast, under pentothal anaesthesia. On 
Oytober 14, the drainage-soaked cast was removed, rc\'ealing an infected wound through the lower forearm, 
holder fodium-pcntothal anaesthesia, a stainless-steel screw was inserted into the distal radial fragment, and 
grarity traction was instituted by means of a muslin loop around the patient’s neck, connected to the head 
of the screw by a stainless-steel wire loop. On Xovember 6. the screw was removed without anaesthesia, and 
an unpadded long arm cast was applied. .A.t'this time, roent- 
genographic examination revealed callus and excellent re- 
duction. 

CxSE 2. G. M., a niaie, thirty-two years old, entered the 
Hospital on October 23, 1944, wearing a padded long arm 
cast for a riflc-lmllet wound of the left forearm, which he 
had received on October 8, 1944. Forty-eight hours after the 
injurx', under pentothal anaesthesia, the “through-and- 
through” nound had been treated by debridement, dusting 
of sulfanilamide powder into the wound, and application of a 
padded, split, long arm cast. On October 24, under sodium- 
pentothal anaesthesia, the cast was remox'cd, and two foul 
Mounds at the junction of the middle and lower thirds of the 
forearm were exposed, from which a moderate amount of pus 
Mas draining. .At this time, a stainle.=s-stccl screw «'as in- 
serted into the radius, and graxdty traction was instituted by 
means of a muslin loop about the patient’s neck. On Xovem- 
ber 14, Mhon there M’as rocntgenographic evidence of callus, 
the scrcM- Mas removed M'ithout anaesthesia, and an un- 
padded long arm cast M’as applied. Good reduction of the 
radial fragments had been obtained. 

CtSE 3. D. B., a M’hite male, thirty-three years old, 
entered the Hospital on May 5, 1945, for a simple fracture of 
the nght radius and a compound fracture of the right ulna. Case 5, J. W. Three-month-old Colles’s 
which had been received in an automobile accident, April 23, fracture anth incomplete radial length and 
Prerious treatment had consisted of debridement and dorsal angulation of distal fragment 
application of a ca-st at another hospital, thirty-six hours 

after the original injurx-. On May 8, under sodium-pentothal anaesthesia, open reduction and plating of 
the radius M'as done; but, because the ulna had a compound fracture Math a draining M’ound, similar surgery 
could not be carried out on this bone. Therefore, a stainle«s-stcel .«crexv was insetted into the distal ulnar 
fragment, and traction u-as applied b.v means of rubber bands and a mre bou incorporated in a long arm cast. 
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Fig. 5-C 

Improvement in radial alignment, following osteotomy and skeletal traction on radius. 


On June 5, there was roentgenographic evidence of callus at the fracture site of the ulna; the screw was le* 
moved, and an unpadded long arm cast was applied. 

Case 4. H. G., a white male, twenty-eight jTars old, entered the Hospital on June 18, 1945, because of 
multiple wounds of the left forearm and hip, which liad been accidentally leceived on June 15 while he wa^ 
destroying enemy ammunition. His previous treatment had consisted of debridement of all wounds, nithmjt 
closure, under pentothal anaesthesia. A padded short arm cast had been applied to the left forearm^^d 
wrist. On June 19 the arm cast was removed, revealing a draining, tangential wound, measuring two b}’-four 
centimeters, with a foul, necrotic base on the ulnar side of the lower forearm. Roentgenograms revealed radial 
angulation of the ulnar fragments with encroachment into the interosseous space. Under pentothal anaes- 
thesia, lateral traction was instituted with a stainless-steel screw and rubber bands over a padded long arm 
cast. Follow-up roentgenograms on June 23 revealed the normal width of the interosseous space. 

Case 5. J. W., a physician, thirty-five years old, enteied the Hospital on January 15, 1946, because of 
pain, disability, and deformity of the right wrist of three months’ duration. On October 13, 1945, the patient 
fell, suffering simple fractures of the lower end of the radius and the styloid process of the ulna. He stated 
that, under general anaesthesia, the wrist was manipulated, and a short arm cast v'as applied which was 
worn for six weeks. However, roentgenograms, taken on January 16, revealed an incompletely i educed 
Colles’s fracture, with dorsal tilting of the distal fragment and shortening of the radius. Under pentothal 
anaesthesia, on January 20, osteotomy was performed at the old fracture level, and the dorsal tilting of 
the distal fragment was corrected. Lateral traction was instituted with a stainless-steel screw and rubbei- 

band traction. On February S, roentgenographic examination revealed a normal intoi’os.^eous space: the scicw 

was removed without anaesthesia, and a second long arm cast was applied. 

CONCLUSIONS 

1. The simple method presented permits early reduction of infected fractures of tlie 
radius and ulna. The same principle is now being employed in elective surgery. 

2. The use of screw traction has not nece.ssitated anj^ operative attempt to clo-se the* 
original wound. 

3. The skeletal traction is discontinued when roentgenographic evidence of callus is 
present. No anaesthesia has been required to remove the screws. 

4. In a small series of cases, there have been no instances of operative infections or 
overpull. 
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THE BRIDGING OF BONE DEFECTS 


BT A. GIBSOX, F.R.C.S.(eXG.), AXD B. LOADMAX, M.D., WIXXIPEG, ILAXITOBA, CAXADA 

From the Department of Orthopaedic Surgery, Deer Lodge Hospital, Winnipeg, and the 
Department of Veterans Affairs, Ottawa, Ontario 

The bridging of bone defects and bone-grafting for non-union have constituted one 
of the most important problems of the Orthopaedic Ser\'ice at Deer Lodge Hospital. 
This Orthopaedic Treatment Center was organized in April 1944, to treat orthopaedic 
cases of the three Armed Sermces, from Manitoba, Western Ontario, and part of Sas- 
katchewan. 

From April 15, 1944, to April 15, 1946, 105 patients underwent bone-grafting opera- 
tions for the repair of bone defects or for non-union of fractures of the extremities. This 
figure does not include bone grafts for non-union of the carpal scaphoid, or for fusion of 
damaged joints. 

This report has been written, not to extol the merits of any particular graft or tec - 
nique, but to record the methods used and results obtained at this Center. It is hoped 
that other Orthopaedic Treatment Centers of the Department of ^'eterans Affairs vail 
report similar series, so that methods of grafting and results maj' be compared. 

GEXERAL OBSERVATION'S 

.411 the patients operated upon were good surgical risks, young and in good phj sical 
condition. This accounts largely for the fact that there were no deaths in the senes, 
although some of the operations, especially those on the upper end of the femur, were quite 
extMsive. 

In 85 per cent, of the cases, the injury was caused by a gunshot wound. Accidents of 
various types, many involving motorcycles, were responsible for the remainder. .411 but 
a few of the injuries occurred overseas, and consequently there was an inten al of se\ era 
months between the time of injury and admission to Deer Lodge Ho&pital.^ 

In the majority of cases, the wounds had either healed or were healing at the time 
of admission. If a draining sinus was present, an exploration was usually necessary or 
the removal of a sequestrum, bits of battle dress, or sometimes suture material. In cases 
in which the wound had healed shortly after secondary' suture in the hospitals overseas, 
three months was the minimum interval allowed between wound healing and the bone- 
g'-afting operation. Where there had been a chronic discharging sinus, necessitating 
exploration, a longer inteiwal— usually from four to five months— elapsed before bone 
Mirgerj- was undertaken. This period is considerably shorter than that allowed after 

odd War I, but it was felt that, because of the more rapid wound healing obtained and 
the availability of penicillin, the shorter period was justifiable. This proved to be the 
co-^e, as no failures or loss of the graft resulted from infection in the operative wound in 
^ny of the cases which had been healed for three months or more before operation. It is 
probable that this was due to the routine use of penicillin for several da\ .- after e\ cr\ bone- 
graft operation. This procedure was felt to be jiij^tified by the fact that 85 per cent, of the 
(xitients had compound fractures resulting from gunshot; and the inconvenience of penicil- 
Ihi administration in the other cases was more than eompenr.ated for b\ the protection 

cained. 

Many of the patients with gunshot wounds had eonriderable !-oft-tis?ue damage, 
with loss of muscle and scarring of the skin. MTien it wa-^ felt that the operation could 
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not be done without interfering with the blood supply to a scar near the proposed incisicl'"' 
plastic skin procedures were first carried out, to replace the scar with full-thickness skii 
Although the danger of sloughing of scar tissue was appreciated at all times, and pr^ 
cedures were planned accordingly, such sloughing did occur in a few cases, with partial oi 
complete loss of the graft. 

Most of the patients with involvement of the femur had been treated by skeletal 
traction for several weeks prior to immobilization in a plaster spica. Several had tracks ol 
infection Avhere the pin had been inserted; these had to be treated before bone surgery 
could be done. Healing was accomplished b3'- curetting the infected area and keeping it 
open Avith vaseline gauze AA^hile it filled in, or by'’ saucerizing the track and alloAAung soft 
tissue to fall into it. More of such infections Avere encountered than had been expected. 
In most of the cases, a Steinmann pin had been used rather than a Kirschner AA'ire; and it is 
felt that the larger diameter of the Steinmann pin may’- have made it easier for organisms 
to gain access to the bone. Where possible, it seems safer to use a Kirschner AAure for 
skeletal traction. 

In all cases of delay'-ed union in fractures of the long bones of the extremities, the limb 
had been immobilized for at least six months before operation A\'as considered. Unless 
some union AA’as demonstrable at the end of this period, a bone graft AA'as felt to be indi- 
cated to hasten recoA'’eiy. 

Where external immobilization Aims considered necessary to protect the grafts, 
plaster-of-Paris splints Avere used. A padded plaster Avas applied at the time of operation, 
and AA'as replaced in from tAA'o to thi'ee Aveeks by'’ a skin-tight plaster. For’ all gi’afts to the 
radius and ulna, the plaster extended froni the axilla to the metacarpal heads. For grafts 
to the humerus, a shoulder spica AA'as considered adA'isable, in vieAv of the fact that these 
patients Avere young. A single hip spica Avas used after bone transplants to the femur; 
and, if this Avas considered insufficient immobilization, it Avas replaced by' a double spica, 
reaching to the knee on the sound side and to the toes on the affected side. For the tibia, 
plaster extending from the groin to the metatai'sal heads AA'as used routinely. Those 
splints Avere not discarded until the roentgenograms shoAA'ed that union Avas Avell advanced. 
When the plaster had been remoA'ed from the patients Avith arm grafts, actiA'e movements 
of the joints AA'hich had been immobilized AA'ere started at once. When the femur AA'as 
involved, the graft Avas protected by an ischium-bearing AA'alking caliper for seA'eral AA'eeks 
after remoA'al of the spica, AA'ith active non-AA'eight-bearing exercises for the muscles and 
joints. FolloAA'ing removal of the plaster for a tibial graft, the patient usually' AA'alked 
AA'ith crutches for a short time, AA'hile doing actiA'e non-AA'eight-bearing exercises. When 
roentgenograms shoAA'ed that the tibia AA'as strong enough for full AA'eight-bearing, the 
crutches Avere discarded. 

Tribute must be paid to the medical officers aa'Iio treated these patients overseas. 
No gross bone infections AA'cre seen at this Hospital. Veiy feAA' cases of malunion requiring 
osteotomy' AA'ere encountered, and length had been maintained satisfactorily' in cases AA'ith 
considerable defect in the shaft of one of the long bones. The soft-tissue Avounds had all 
been sutured AA'ithin a feAv day's, AA'heneA'er possible, so that soft-tissue scarring AA'as kept at 
a minimum. All this made the final reconstructiA'e surgery' considerably' easier. 

METHODS OF BONE-GRAFTING 

Early' in the series, the cortical inlay' or onlay' graft, AA'ith some cancellous bone from^ 
the upper end of the tibia, AA'as used in almost CA'ery' case. Later, AA'hen more had been 
learned about iliac cancellous bone, this type of graft Avas used more frequently, either by 
itself or in combination Avith other methods. 

The cortical onlay' graft AA'as used tAA'cnty'-nine times, in the folloAving bones: ulna fiA'C, 
radius tAvo, humerus ten, claA'icle tAA'o, and femur ten. The technique used AA'as similar to 
that described by' many' authors The area of fracture or the bone defect AA'as e.x- 

Tirn joi'HNAr. oi’ no.vi: ano joint sitromo 



THE BRIDGING OF BOXE DEFECTS 


3S3 







384 


A., GIBSON AND B. LOADMAN 


posed by reflecting the periosteum above and below the wound area, where the bone ijn - 
normal, and gradually freeing the ends of the fragments from the intervening scar tissi 
Reflection of the periosteum was done as conservatively as possible. All scar tissue 11 
tween the bone ends and usually the very sclerotic bone at the ends of the fragments werl 
then removed. The iriedullary canal was opened by drilling, if this was considered neces- 
sary. The cortices of the fragments were then freshened with an osteotome, until flat 
enough to receive the graft. The cortical graft was cut from the subcutaneous surface of the 
tibia, and fixed to the fragments by Vitallium or stainless-steel screws. An overlap of a 
centimeters on each fragment in the arm, and 6.2 centimeters in the leg, was considered the 
minimum for safety; and more was allowed if possible. Cancellous bone from the upper 
end of the tibia was then inserted in the defect and around the graft. In the operations 
pei’formed later in the series, cancellous bone from the ilium was used as well, if enough 
could not be obtained from the tibia to fill the gap completely. An attempt was made in all 
cases to have the graft bed as free from scar tissue as possible; in this way it was hoped 
that the vascularization of the graft would proceed more quickly. 

In some situations this graft may be subjected to greater stress than it can reasonably 
be expected to-withstand. In an intertrochanteric fracture or a fracture of the upper shaft 
of the femur, a spica cannot be molded accurately enough to control all movement at the 
fracture site; and absorption and fracture of the graft are apt to occur. In four such cases 
the graft was combined with a metal plate. In the intertrochanteric fractures, the Moore 
plate was used, with the cortical graft on the anterior surface of the femur. In the shaft, a 
Lane plate was applied anteriorly and the graft was placed laterally. In two cases, double 
onlay tibial grafts, one applied anteriorly and one- laterally, were used instead of a graft 
and plate. The results have-been equally satisfactoiy. 

The cortical onlay graft has the advantage of great strength and firm internal fixation 
of the fragments. It must, however, be protected by plaster immobilization until the 
roentgenograms show that union is well advanced. The greatest strain on this rigid graft i/s 
at the fracture line or bone gap. If there is movement within the plaster, absorption 
fracture of the graft are very apt to occur. This is particularly true in the ulna; in this-bnne 
a rotation strain at the site of the fracture is bound to occur, unless the hand portion of the 
plaster remains rigid nnd dry. This is the crux of after-treatment, but patients not under 
constant supervision are apt to return ^vith the plaster below the wrist soft and moist, and 
some degree of- pronation and supination possible. Two of the five cortical onlay grafts to 
the ulna failed for this reason. 

In the femur, the use of the metal plate may prevent failure, by taking some of the 
strain from the graft (Figs. 1-B and 1-C). 

The cortical inlay graft was used twenty-seven times in this series, in the following 
bones: metacarpals two, radius one, ulna five, tibia seventeen, medial malleolus one, and 
lateral malleolus one. The technique used was similar to that originally described by'' Albce, 
except that fixation, when used, was by'' screws of Vitallium or stainless steel rather than 
by dowelling. In the metacarpals -and malleoli, because of the small size of the bones, 
fixation was secured by stainless-steel wire. 

In the tibia, the fracture line was first cleared of all scar tissue, and the ends of the 
fragments were freshened. In cutting the grafts from the subcutaneous surfaces of both 
fragments, the electric saw was placed at such an angle that the graft was slightly'' wider on, 
the periosteal than on the endosteal surface. The longer graft was then placed across the 
fracture line; if a defect had to be bridged, the shorter gi-aft was cut up and packed into the 
gap. In most cases the graft across the fracture line was fixed to the fragments by'' Vitallium 
screws; in some, if the gap was srnall, the graft was left free, and a 1.3 centimeter section 
was removed from the fibula to allow approximation of the bone ends. In all cases, can- 
cellous bone was taken from the upper end of the tibia and placed between the fragments 
(Figs. 2-A and 2-B). 
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^For the ulna, a cortical graft was taken from the tibia, inlaid on the lateral surface, 
jma fixed bj* metal screws. Considerably more cancellous bone was obtained bj' this 
,m^{hod than would have been the case if the sliding-graft technique had been used. In the 
mefacarpals, a small tibial eortical graft was fitted snugly into a groove in both fragments 
and held hy stainless-steel wire. For the malleoli, the graft was obtained from the upper 
fragment and fixed across the fracture line with stainless-steel wire. 

The diamond inlaj' graft, described by Albee, was not used. 

Cortical-chip grafts were used in only one case. In this, there was non-union of a fracture 
0 centimeters from the lower end of the radius, with 1.3 centimeters of shortening. The 
lower end of the ulna was excised converted into chip grafts, and packed into the gap 
between the freshened fragment ends. Good union resulted from this procedure. 

Numerous reports have appeared in the literature in the past few j'ears on the use 
of cancellous-bone grafts. This type of graft can be used in several different waj's, and is 
applicable in certain cases where cortical grafts would not be feasible.'It can be used alone 
to fill gaps in the shafts of the long bones, or for the same purpose after fixation of the 
fragments with a metal plate. In eases in which there is a partial defect in the shaft, it is 
a ver}’ convenient method of increasing the strength of the bone. In a few cases, a solid 
block of iliac bone, with one cortex removed, has been used as an onlaj- graft, and fixed 
with Vitallium screws. In filling infected bone cavities, where saucerization would have 
been impossible, it has been most useful. 

In all cases in which cancellous bone was used alone, the ilium has been the source 
of the bone. In approaching the ilium, it is adinsable to have the skin incision along the 
lateral margin rather than over the top of the crest. If this is done, the incision is through 
fascia and periosteum alone; if it is higher, the muscles of the abdominal wall may be 
incised, with considerabl}" more hemorrhage. It is adiisable to use either the anterior pr 
posterior third of the crest, as the middle third contains less cancellous bone-. 

^ ^Mien cancellous bone was used alone to fill gaps in the shafts of long bones, slices of 
the crest, about 0.3 centimeter thick, and the full width of the ilium, were cut with an 
osteotome. After removal of all scar tissue and tte sclerosed bone ends, the slices were 
placed in the gap. Some were arranged to overlap slightly the ends of the fragments; smaller 
pieces filled the interspaces. The cortex was not removed from these slices. The grafts were 
eld in place by soft-tissue suture only, and immobilization was by plaster. This method 
as been used twenty-two times, — fifteen times in the upper limb and seven in the lower 
■imb (Figs. 3-A and 3-B). 

In thirteen cases in which bone defects had to be bridged, a metal plate was used 
0 fix the fragments, and cancellous bone was applied to fill the defect Theoretically. 

^ ns method would seem to be preferable, in that movement at the gap would be reduced 
n a minimum, and earlier removal of the plaster immobilization would be possible. This 
in-oved only partly true. 

\ ®°nie cases, only a partial defect of the shaft had to be grafted. In these, the bonj- 
(all of the defect was freshened, the medullarj' canal was opened above and below, and 
jjps of iliac bone were laid in the defect as free grafts. The interspaces were filled, as 
' small cancellous blocks, one-quarter inch bj' one-quarter inch by one-eighth 

\-|i in size. As much cancellous bone as possible was transplanted, — even more than 
tyugh to restore the original diameter of the shaft (Fig. -i-B). A good result seemed more 
^Jainin cases in which this was done than in those in which less bone was used. No plaster 
^•nobilization was necessary; but after the lower limb had been grafted, weight-bearing 
** until union was well advanced. 

his typo of graft was used in nine cases, — three involving the upper limb and six 
""•o'vmg the lower limb. 

Ihan'^f'^ oI cancellous bone to fill infected cavities was a matter of necessity rather 
‘ " ° choice in thirteen cases. These cavities were so situated that saucerization of them 
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was almost impossible. Some involved the whole or part of the upper end of the ti * 
others were so situated in the shaft that, if saucerization had been done, only a narrow ) 
of bone would have been left to connect the fragments. One case had an infected timh 
1.3 centimeters in diameter, through the calcaneus; this had followed the use of a Steii 
mann pin for traction, in a militaiy hospital. The tunnel had been cui-etted on two occa 
sions, but the discharge had persisted. Saucerization was obviously impracticable, bii 
filling the tunnel with cancellous bone was an ea.sy procedure and gave an e.xcellent resuli 

In recent years, several authors have described the survival of cancellous-bon 
grafts in the presence of low-grade infection, and this has been borne out b}" our experienc( 
If this method is attempted, there must be sufficient healthy skin available so that, whe 
the cavity has been filled, full-thickness skin can be closed over it without tension. If tlii 
is not possible, the graft is apt to be completely or partiallj’- lost. 

In each case the cavity was thorough],y cui'etted, so that all infected granulation tissii 
and scar tissue were removed, and bleeding bone was left to form the walls of the cavitj 
Cancellous iliac bone, finely divided and with all cortex removed, ivas then placed in th 
cavity so as to fill it completely (Figs. 5-A and 5-B). In some cases this required a con 
siderable amount of the iliac crest, both anteriorl}'^ and posteriorly, but no harmful effect 
were noted after such extensive removal. If possible, muscle was used to cover the cavit.v 
but if this was not available, full-thickness skin was sutured over it. In the early cases, 
ureteral catheter was left in the bottom of the cavity, projecting through the wound, s 
that the graft could be irrigated regularly with penicillin. Later this was found to b 
unnecessary, and a penicillin-sulfathiazole powder was substituted. This mixture lU! 
applied to the walls of the cavitj'’ after it had been curetted, as the cancellous bone va 
being inserted. 

In all cases, penicillin was administered for ten to fourteen da 3 's after the operation. 

DISCUSSION OF EESULTS ^ 

For this report, any bone graft done before April 15, 1946, in which the hmby/ui 
still immobilized in plaster on December 1, 1946, was considered to be ununited, evei 
though roentgenograms taken at that time showed the graft to be uniting. In any cas( 
classified as “united”, solid bonj^ union and good functional use of the limb were prescn' 
on December 1, 1946. 

Seventeen of the patients had gaps of 1.3 centimeters or more, in the shaft of one ol 
the long bones, which had to be bridged; four of these were 5 centimeters or more in 
length. 


TABLE I 

Location of Bone Graft in Ninety-three Sdccessfde Cases 


Location of Giaft 

No. of Cases in ivliieh 
the Giaft United 

No of Opeiations 

Metacaipals 

4 

4 

Radius 

S 

9 

Ulna 

16 

21 

Humerus . 

13 

14 

Clavicle. . 

3 

3 

Femur. . 

16 

17 

Tibia ... 

2.5 

27 

Calcaneus. . . . 

3 

3 

Medial malleolus. . 

4 

4 

Lateral malleolus. . . 

1 

1 

TotaL. 

93 

103 
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TABLE II 

Location of TiraiiVE Unsuccessful Bone Grafts 


Xo. of Cases 

Location of Graft in which the Graft Xo. of Operations 

Did Xot Unite 


Metacarpals 1 1 

Radius 1 1 

Uba 2 5 

Femur 3 5 

Tibia 3 3 

Calcaneus 2 4 


Totals 12 19 


A total of 122 operations were performed on 105 patients in the two 3 "ears following 
April 15, 1944. Bonj" union was achieved in 93 cases, after 103 operations. The bones 
which were grafted in these successful cases are shoira in Table I. Of the ninety-three 
successful cases, union was obtained in eighty-four b 3 ' one operation and in eight b 3 ^ 
two operations; one ulna required three operations before the graft had united. Hence 
80 per cent, of the initial 105 operations were successful. 

Twelv’e cases are classified as having non-union, although in four the grafts are unit- 
ing, following a second operation. A total of nineteen operations were performed on these 
patients (Table II). 

No conclusions should be drawn from the figures in Tables I and II, which represent 
all the different types of grafts used, including the cancellous grafts for infected cavities. 
The results indicate, however, that an 3 ’- patient who underwent a bone-graft operation 
^ di^ring this period had an 80 per cent, chance of a successful result from the first operation, 
regbjdless of the type of graft used. 

Of the patients in whom cortical onla 3 ' grafts were used, bon 3 " union developed in 85 
per cent, after one or more operations. Of the initial operations, 79 per cent, were successful 
(Table III). This is 1 per cent, less than the average for the whole series. It is felt that the 
poor results obtained in the radius and ulna require explanation. 

The unsuccessful graft to the radius was an attempt to bridge a 7.5 centimeter gap in 
a patient in whom the upper fragment was too short for fixation of the graft with metal 
screws. This fragment was split and the graft was laid between the halves. Union occurred 
at the lower end, but not at the upper, where fixation was poor. In the ulna, one unsuccess- 
ful case was a fracture of the upper third, with a dislocation of the head of the radius. The 


TABLE III 


M-\. NO. 



Results with Cortical Onlay 

Grafts 


Ix)cation of Graft 

Xo. of Cases 
in whicli Grafting 

Was Done 

Operations 

Perfomiecl 

Xo. of Ca.'es 
with Union 

1 - — 
Itndiiis . . 

9. 

9 

1 

t hn . 



9 

Humerus 

9 

10 

0 

Clavicle. 

o 

9 

9 

Fcnuir . . 

G 

6 

5 

I'vmur with metal plate 

4 

4 

4 

Totals. 

27 

29 

23 
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TABLE IV 

Results avith Cortical Inlay Grafts 


Location of Graft 

No. of Cases 
in AA'hicli Grafting 
Was Done 

Operations 

Performed 

No. of Cases 
with Union 

Metacarpals 

2 

2 

1 

Radius 

1 

1 

1 

Ulna 

3 

5 

2 

Tibia 

17 

17 

16 

Medial malleolus *. 

1 

1 

1 

Lateral malleolus 

1 

1 

1 

Totals 

25 

27 

22 


graft was not strong enough to prevent lateral angulation of the ulna, and broke. Th^ 
graft has been repeated, combined with a metal plate, and union is occurring. In the othe 
case, two successive cortical onlay grafts, bridging a 2.5 centimeter gap in the middle of the 
shaft of the ulna, became absorbed and fractured at the center of the defect. This Avas 
probably due to inefficient plaster immobilization. After both operations, the patient 
returned from leave able to pronate and supinate the hand freely, the plaster bar in the 
palm being soft and useless. 

It is likely that, if the radius and ulna had been grafted in a greater number of cases, 
the results A\muld have been comparable AAuth those of the humerus and femur. There is no 
reason to believe that the ulna is a more difficult bone than the humerus in AAffilch to get 
union by this method. 

The results obtained Avith the use of this graft in tAventy-seven cases are very simila^ 
to those obtained b}^ Henderson in 1923. In his series, hoAvever, the ulna gave the high^J 
percentage of successful results. 

The average time of immobihzation of the upper limb AA^as three and one-half months; 
in the loAver limb it Avas four months. 

This method of bone-grafting is regarded A'-ery favorablJ^ Some authors feel that 
the dense graft takes an unduly long time to unite AAuth the fragments. This opinion has 
not been confirmed by this series; and the greater strength in the shaft, AAffien the graft has 
united, is definitely a point in its favor. 

The cortical inlay graft (Table IV) produced bon}'- union after one or more operatic 
in 88 per cent, of the cases in Avhich it AA^as used. Of the initial operations, 81 per cent, aa 
successful. 

The inlay bone graft for the radius and ulna is not regarded as a good opera 
procedure. Because of the small diameter of the bones, only a narrow graft can be 
This makes for a AA'eak graft across the fracture line and for relatiA'-ely poor fixation 
fragments. In none of the cases inA'oh'^ing the ulna, AA-as the inla}'- graft successful t 
time used; and, AA-hen a second operation AA^as attempted, about one third of the shall 
unaA'ailablo for use. This method of grafting for the ulna has been abandoned. 

The inlay bone graft giA'es excellent results A\'hen used for the tibia. In the one faihin 
in scA'enteen cases, the patient had a complete sciatic-neiwe lesion A\ath disturbed circula 
tion. and roentgenograms shoAA’ed no change after nine months. A Stokes-Gritti ampul a 
tion AA-as done. The aA'crage period of immobilization for the tibia AA-as four months. Tin 
results indicate that it makes no appreciable difference AA-hether the graft is fixed Aviti 
metal screivs or not. as union occurred in all casc.s, except the one mentioned. It is ap 
that this method of grafting the tibia can be depended upon to giA-e consistent 
residts. 
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TABLE V 

REStTLTS WITH CaKCELEOUS BoNE AEONE 


Location of Graft 

No. of Cases 
in which Grafting 
Was Done 

Operations 

Performed 

No. of Cases 
with Union 


letacarpals 

3 

3 

3 


ladius 

4 

4 

4 


Ilna 

7 

7 

6 


lumenis 

1 

1 

1 


Jlavicle 

1 

1 

1 


'emur 

4 

4 

3 


’ibia 

3 

3 

2 


Totals 

23 

23 

20 



It is also an easy and apparently successful procedure to use for ununited fractures of 
;he lateral malleolus. A cancellous bone block nith a metal screw for fixation is a more 
satisfactorj' graft for the ununited medial malleolus, as this bone is usualh' too small and 
soft for a groove to be cut into it. 

The cortical inlay graft for a metacarpal is a comparativelj- difficult operation. The 
iiameter of the metacarpal shaft is too small to take an inlay graft large enough to be 
iixed VTth metal screws, and we fixation is relatively unstable. 

Cancellous bone alone was used to promote union in ununited fractures in fourteen 
cases, and to fill defects of 1.3 centimeters or more in the shafts of the long bones in nine 
cases. This method produced bony union, after one operation, in 87 per cent, of the cases 
in which it was used (Table ^'). 

These results substantiate the claim of Luckey and Adams that cancellous bone 
slone can be relied upon to give union in a high proportion of cases. This method was 
used to treat three ununited fractures and four defects in the shaft of the ulna, and gave a 
higher percentage of union than was obtained with anj- other tj'pe of graft used for this 
bone. 

The claim, however, that exposure of a greater amount of osteogenic bone produces 
more rapid union and earlier use of the limb was not verified. In the ulna, the average 
period of immobilization was seven and one-half months before roentgenograms showed 
union to be solid enough for the plaster to be removed. This was two and one-half months 
longer tfian the average for any other type of graft used for this bone. The additional 
immobilization is a handicap in the restoration of movement to the iwist and elbow joints. 
Union may occur more quickly; but, before the soft callus has become firm enough for 

TABLE VI 

ReSOETS with C-V-VCELLOCS Bo.ve .axd Met.al Plite 


Ixication of Graft 

No. of Cases 
in which Grafting 
Was Done 

Operations 

Performed 


No. of Ca=es 
with Union 

Radius 

2 

2 


1 

L'lna ... 

... c 

0 


4 

Hiimcni- 

1 

1 


I 

Femur . . 

3 

3 


2 

\ . ... 

1 

1 


1 

1 o 

13 

13 


0 


AnilL lOlV 
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TABLE VII 

Besults witu Cancellous Bone in Infected Bone Cavities 


Location of Graft 

No. of Cases 
in which Grafting 
Was Done 

Operations 

Performed 

No. of Cases 
with Union and 
Wound Healing 

Tibia 

6 

7 

5 

Femur 

2 

2 

2 

Calcaneus 

4 

6 

2 

Totals 

12 

15 

9 


unprotected use of the limb, more time has usually elapsed than if a cortical graft had 
been used. 

In the metacarpals, this method proved easier and more effective than the cortical 
inlay graft. 

Cancellous bone, combined with a metal plate (Table VI), produced union in 69 per 
cent, of the cases in which it was tried. The unsuceessful grafts were not repeated with this 
type of transplant. A defect in the shaft of over 1.3 centimeters in length was present in 
eight of these cases. 

It is interesting to compare the results from the use of cancellous bone alone with 
those obtained when a metal plate was added. Although the number of grafts done by the 
latter method is too small to warrant definite conclusions, the addition of the plate would 
appear to have decreased the likelihood of union. It does, however, have one advantage. In 
cases in which the graft was successful, plaster immobilization was found to be necessary 
for an appreciably shorter time than when the plate was not used. The a^’erage period of 
immobilization for the ulna, when grafted by this method, was five months, as compared 
with seven and one-half months without the plate. 

In three of the unsuccessful cases, the cancellous bone was used with a Lane plate,"^ 
and failure was due to a gap of 0.3 centimeter, which persisted at the center of the plate. 
Above and below this gap, the cancellous bone fused into a solid mass, which united with 
the ends of the fragments. This did not happen in anj'- of the cases in which a plate was not 
used, but whether or not the plate was the cause of the non-union is difficult to decide. It 
maj'’ be, as Lucke}'’ and Adams claim, that the plate takes the functional strains which 
normally pass through the bone, and thus interferes with complete fusion. 

It ma 3 '’ be concluded that, if cancellous bone alone is used, the chance of union is 
excellent. If the position of the fragments is difficult to control, a metal plate maj’’ be 
added without appreciably diminishing the expectation of union. 

In nine cases, cancellous bone alone was used to strengthen the shafts of long bones 
in which there was an incomplete defect. This technique was successful in seven of the 
patients; the grafted bone fused into one mass and to the shaft. In one unsuccessful graft 
for a partial defect in the lower third of the shaft of the tibia, the cancellous bone had 
disappeared, as shown b}'’ roentgenograms taken several months later. In the other case, a 
cancellous bone block, approximatelj'- 8,8 centimeters long, was laid in an incomplete 
defect of the femur, but did not fuse with the shaft. Had this block been fixed with a few 
metal screws, or laid in as thin slices, it would probably have united. 

Senior orthopaedic surgeons, in the interval between the two World Wars, found that 
cancellous bone would occasionall^y disappear completely from the grafted area. The 
explanation is obscure, but it would seem to occur particularlj’' in cases in which the graft 
i.'^ not subjected to the normal compression or tension strains of the host bone. 

The use of a block of cancellous bone as an onlaj^ graft, with one or both cortices 
attached, is not recommended. If both cortices are retained, it is difficult to get a flat. 
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straight graft which is as satisfactory as a tibial onlay graft. If one cortex has been re- 
moved, the graft may easily fracture. Cancellous bone, with one cortex removed, was used 
twice on the ulna, with union in one case. 

The use of cancellous bone in obliterating infected bone cavities (Table \ II) was 
successful in 75 per cent, of the cases. Saucerization of the camties was thought to be 
impracticable in all of these cases. In some, particularly those in which the calcaneus 
was involved, amputation seemed to be the only alternative. 

Two operations on the tibia were unsuccessful- In both of these, the skin had been 
closed over the graft under considerable tension and the wounds had failed to heal. The 
procedure was repeated in one of these cases, and the skin was closed without tension 
by the rotation of a flap. This graft was successful. The other patient was transferred to a 
hospital closer to his home, with the cavity still discharging. 

One patient, whose calcaneus was involved, had three cancellous grafts, and all 
failed because of inadequate soft-tissue closure. A below-the-knee amputation was done. 
The other failure in the calcaneus was the first infected camtj' of this series to be treated 
by bone-grafting, A solid block of cancellous bone was used. This eventually had to be 
removed as a sequesti'um. It is felt now that, had the block been finely dimded, the graft 
might have succeeded. 

In each case, the cavity had been discharging for months, and in some cases for years, 
before being filled with cancellous bone. As was to be expected, the discharge persisted 
through a small sinus in the wound for a short time after the operation. This diminished 
steadily in amount in the successful cases. The average healing time after operation was 
five weeks. Constitutional signs of infection arose in only one case, and these subsided 
without loss of the graft. 

It would be rash to classify these cases as cured, but as yet there has been no recur- 
rence of discharge in any of them. Some of the first patients so treated have been working 
for one and one-half years, and show no emdence of latent infection. 

S 

SUAniARV 

Bone-grafting operations, for defects and non-union of the bones of the extremities, 
were performed on 105 patients at Deer Lodge Hospital between April 15, 19-14. and .■Vpril 
15, 1946. Union has occurred in ninety-three cases. 

Penicillin was used routinely after even.' operation, and no graft was lost or failed to 
unite because of primary wound infection. 

In eighty-four cases, or 80 per cent., the first graft was successful. 

The cortical onlay graft was used twenty-nine times for twenty-seven patients, and 
resulted in union in twenty-three, or 79 per cent, of the cases. 

The cortical inlay graft was used twenty-seven times for twenty-five patients, and 
was successful in twenty-two, or 81 per cent. 

Cancellous bone alone was used to fill gaps, or to promote union in ununited fractures, 
twenty-three times for twenty-three cases; union occurred in twenty, or 87 per cent. Com- 
bined with a metal plate, it was used thirteen times on thirteen patients, with union in 
nine, or 69 per cent. It was used nine times in incomplete defects of the shaft of the long 
Ijones, and fused with the shaft in seven, or 78 per cent. Cancellous bonealonc was used to 
fill infected bone cavities, with discharging sinuses, in twelve cases. Wound liealing oc- 
curred in nine cases. 


COXCLFSION.s 

For ummitcd fractures, or for short gaps in the shaft of the radius, ulna, humerus, anfl 
femur, the cortical onlay graft, fixed \rith Vitallium or stainless-steel screws, is the most 
efficient. Cancellous bone should bo placed between the fragments and around the cortical 
graft. In the upper end of the .shaft of the femur, it should be combined with a metal plate 
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or with a second onlay graft. In the ulna, if the size of the gap is 3.8 centimeters or more, 
or if the fragments are difficult to control, a Lane plate, used with the cortical onlay graft, 
may prevent absorption and fracture of the graft. 

The sliding inlay cortical graft gives excellent results for ununited fractures, or defects 
of 5 centimeters or less in the shaft of the tibia. 

Cancellous bone alone will bridge a bone defect, or promote union in ununited frac- 
tures in a high percentage of cases. However, before function can be allowed, longer im- 
mobilization must be expected than if a cortical graft has been used. Combined with a 
metal plate, union may be slightly less certain, but plaster immobilization is shorter. Its 
most practical use is in filling incomplete defects in the shafts of the long bones. 

Infected bone cavities can be filled with cancellous bone and a high proportion of suc- 
cessful results can be anticipated, if full-thickness skin can be closed over the cavity and 
graft. This method maj'- prove useful in the treatment of osteomyelitis of the tarsal bones. 

Note: From April 15, 1944, to October 1, 1945, this work was carried out under the supervision of 
Lieutenant Colonel G, H. Ryan, R.C.A.M.C. 
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CARPOAIETACARPAL DISLOCATIONS 


With Pa.rticula.r Reference to Simxjltaneous Dislocation of the Bases of the 

Fourth and Fifth jMETACARPAus 
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Although carpometacarpal dislocations or subluxations of the thumb are not un- 
common, those of the base of one or more of the four medial metacarpals are extremely 
rare. The infrequent occurrence of these dislocations, and the fact that ive recently en- 
countered two cases of simultaneous dislocation of the bases of the fourth and fifth meta- 
carpals, have prompted a review of the literature and a tabulation of the reported cases 
of carpometacarpal dislocation, excluding those of the thumb. 

Alalgaigne, in 1855, stated that up to that time only three cases of dislocation of the 
carpometacarpal joints had been reported. The fii’st of these cases was an isolated dis- 
location of the base of the third metacarpal, reported by Blandin in 1844. The second case, 
also an isolated dislocation of the base of the third metacarpal, was reported b 3 ' Roux in 
1848; and the third case was an isolated dislocation of the base of the second metacarpal, 
reported bj”- Bourguet in 1853. 

Vigouroux, in 1856, was the first to report a multiple carpometacarpal dislocation, — 
a dislocation of the bases of the second, third, fourth, and fifth metacarpals: and Rivington, 
in 1873, was the first to report a case of multiple dislocation of the bases of all five meta- 
carpals. 

‘ Burk, in a review of the literature in 1901, found twelve cases of dislocation of the base 
of the fifth metacarpal; all were in association with other carpometacarpal dislocations. 

Stimson, in 1910, stated that cases of isolated dislocation of the base of each one of 
the metacarpal bones except the fifth, had been reported, as well as combined dislocations 
of the bases of two or more metacarpals. iNIcWhorter, who. in 1918, reported a case of iso- 
lated dislocation of the base of the fifth metacarpal, stated that he had been unable to 
find anj' record of a previous case. Mam' other authors have either omitted reference to 
these isolated dislocations of the fifth metacarpal or have commented on their non-occur- 
rence or raritj'. 

In a rather careful reidew of the literature, a few additional cases of both isolated and 
multiple (simultaneous) carpometacarpal dislocations have been discovered, which hai'e 
not been included in previous revieivs on the subject. In addition, some inconsistencies 
have been found in the reporting or crediting of cases in some of these reviews. This is 
larticularlj' true in articles concerning isolated dislocations of the fifth metacarpal. 

Thirteen cases of isolated dislocation of the fifth metacarpal have been reported in the 
literature the first case having been recorded in 1879. 

Among the other isolated dislocations, there have been seven cases of dislocation of 
the base of the second metacarpal ’"• the first case was reported in 1853. 

Three cases of dislocation of the base of the third metacarpal have been recorded -• 
the first case was reported in 1844. The first of the three cases of dislocation of the fourth 
metacarpal '• •‘n was reported in 1S6S. 

The most common of the nndtiple. simultaneous dislocations arc those of the bases 
of the four medial metacarpals. Thirtj'-one cases, including the various t.vpcs of disloca- 
tions of the four medial metacarpals. have been reported in the literature ”• >'■ 
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was reported in 1856. Simultaneous dislocations of the bases of all five metacarpals arc 
more uncommon. Only five cases eo. « 2, 75 ^ypg gf dislocation have been found 

in the literature; the first case was reported in 1873. 

Multiple, simultaneous dislocation of the bases of three metacarpals is even more 
uncommon. Only three cases of dislocation of the bases of the second, third, and 

fourth metacarpals, and only one case of dislocation of the bases of the third, fourth, and 
fifth metacarpals have been found in the literature. 

Simultaneous dislocation of the bases of two metacarpals is also veiy uncommon. 
The first case of dislocation of the bases of the second and third metacarpals was reported 
in 1877. A total of ten cases can be found in the literature up to the present time 
19, 29, 53, 67 Onl}'' three cases of dislocation of the bases of the third and fourth metacarpals 
12, 51, 64^ g^jjd onl}'- nine cases of dislocation of the bases of the fourth and fifth metacarpals 
2, 3, 13, 47, 54, 70, 78 Jiave been found in the literature. These two types of dislocations were 
first reported in the 37ears 1895 and 1865, respective!}'’. 

Of the various t 3 '’pes of multiple, simultaneous dislocations, this paper is particular!}' 
concerned with those of the bases of the fourth and fifth metacarpals. Eight of the nine 
cases of this t 3 '’pe of dislocation were found in the foreign literature. The single case found 
in the American literature is the one imported b}' Bunnell in 1944. To this number we wish 
to add two cases, which will bring the total number of cases of this type of multiple, 
simultaneous dislocation to eleven. 


CASE REPORTS 

Case 1. A Coast Guardsman, twenty-three 3 'ears old, was admitted to the Hospital on Jul}' 18, 1945, 
complaining of pain and swelling of the right hand. He stated that the present condition of his hand was the 
result of an injury which had occurred about three and one-half months previouslj' (April 2, 1945) when 
ho had struck his right hand against a wall while engaged in a fist fight. The patient, however, had con- 
tinued to work during the interval, despite the pain and swelling of the hand. 

E.xamination showed a prominence and tenderness over the dorsum of the right hand, which was lo- 

J 



Fig. 1-A Fig. 1-B 


Fig. 1-A: Case 1. Roentgenogram showing dorsal dislocation of the bases of the fourth and fifth meta- 
cavpals. 

Fig. 1-B; Roentgenogram following open reduction of dislocation and e.vtcrnal skeletal fi.xation by 
means of Kirschner wires. 
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Fig. 1-C 

Roentgenograms six weeks after open reduction, showing complete anatomical reposition of the 
carpometacarpal articulations. 


Jalized fairly well over the proximal ends of the fourth and fifth metacarpals. -A roentgenogram revealed a 
lorsal sublu.\ation of the bases of the fourth and fifth metacarpals (Fig. 1-A). 

Closed reduction was unsuccessful, and, therefore, an open reduction was done under pentothal-oxygen 
maesthesia. In order to maintain the reduction, it was neccssarj' to use external skeletal fi.xation by means 
of Kirschner wires, inserted transversely through the proximal and distal ends of the affected fourth and 
fifth metacarpals and the adjacent third metacarpal (Fig. 1-B). With the hand in a cock-up position, light, 
molded plaster splints, incorporating the ends of the protruding Kirschner wires, were then applied. 

At the end of three weeks, the Kirschner wires were removed, but the molded-plaster fixation was 
continued for a full five weeks from the time of the open reduction. Following this, physical therapy, in- 
cluding whirlpool-bath treatments, was instituted. The result, both anatomically and functionally, was 
excellent (Fig. 1-C). 

C.xsE 2. A merchant seaman, thirty-one years old, was admitted to the Hospital in an into.xicated state 
on August 14, 1945. The patient had been celebrating the approach of V-J Day and had injured his right 
hand, but he did not remember any of the details of the accident. His chief complaints wore of pain and 
swelling of the right hand. 

Examination showed swelling and a “dinner-fork” deformity of the ulnar portion of the hand. There 
was limitation of both flexion of the fingers and grasping power of the hand. The roentgenograms showed a 
posterior subluxation of the bases of both the fourth and fifth metacarpals (Fig. 2-.A). 

Under pentothal-oxygen anaesthesia, the dislocation was easily reduced by traction on the extended 
fingers and maintenance of the wrist in dorsiflexion. Following this procedure, immobilization, by means 
of molded plaster splints with the hand in a cock-up position, was continued for four weeks. Conx-alesccnce 
was aided by phj’sical therapy and increasingly actix'c use of the hand. The result was excellent ( Fig. 2-B). 

AX.^TOMY 

The carpometacarpal joints at the bases of the second, third, fourth, and fifth meta- 
carpals are all arthrodial diarthrose.s, or modified, compound saddle joints with an artic- 
ular cavity within the capsule of each joint and a movement which is gliding in character, 
T lie opposed articular surfaces present alternate elex’ations and depre.s.«ions, which form a 
scries of interlocking joints. The articular capsule and the dorsal, volar, and interosseous 
ligaments unite the articular surfaces, “The articular cavity is a continuation of that of 
tile intercarpal joints; occasionally there is a separate space between the hamate and fourth 
and fiftli metacarpal bones, whereas that between the fourth and capitate is continuous 
with the common joint.” 
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The movements found at these joints, although slight, serve to increase the effec( 
of those of the transverse carpal and wrist joints. The joint between the fifth metacarpaf 
and the hamate bone someAvhat approaches the first carpometacarpal joint in shape and 




Fig. 2-A 

Case 2. Roentgenograms showing doi sal dislocation of the bases of the fourth and fifth metacarpals. 




Fig. 2-B 

Roentgenograms following closed i eduction, showing complete anatomical reposition of the carpo- 
melacai pal articulation'-. 
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mobility. It has, however, a greater range of flexion and extension, although its side-to- 
side movement is nearly as limited as that of the other three medial metacarpal bones. 
The process of the hamate bone limits flexion of the fifth metacarpal. ^Motion toward the 
ulnar side is checked b5’' the strong palmar band which unites the base of the fifth meta- 
carpal to the base of the third metacarpal, and by the strong transverse metacarpal liga- 
ment at the heads of the bones. The mobilitj' of the second, third, and fourth metacarpal 
bones is ver3' limited, and consists almost entirelj' of a slight ghding upon the carpal bones. 
Mobility of the third and fourth metacarpal bones is extremeb' shght, because there is no 
long carpal flexor directlj’’ attached to either. Owing to the close connection of the bases of 
the metacarpal bones, the radial and ulnar flexors and extensors of the carpus act on all 
of the metacarpals bj' their pull on the particular bones into which thej^ are inserted. 

Abduction, or movement toward the radial side at these joints, is prevented bj* the 
impaction of the second metacarpal bone against the greater multangular. A small amount 
of adduction is permitted at these joints and is favored bj' the slope of the hamate and the 
fifth metacarpal. There is also a slight gliding motion between the fourth and fifth meta- 
carpals, when the concavitj' presented bj' the palm is deepened to form the so-called 
“cup of Diogenes”. 


MECHANISM OF IN'JURT 

No one tj’pe of injurj' produces dislocation of the proximal end of anj' one or all of the 
four medial metacarpals on the distal row of carpals. Direct violence, such as is received 
in a fall or from a blow, is, perhaps, the most frequent mode of injur.v. However, in some 
instances, indirect injuries have been known to cause these dislocations. It is diflicult to 
explain the exact mechanism of these injuries; and, therefore, one can onlj' speculate as to 
the mechanical forces necessar3' to produce these dislocations. 

In both of our patients we observed that, following reduction of the dorsally dislocated 
bases of the fourth and fifth metacarpals, there was a recurrence of the dislocations upon 
, palmar flexion of the wrist, whereas the reduction was maintained b3' dorsiflexion. It is 
believed, therefore, that a force applied to the dorsum of the hand while the vTist is in 
a position of palmar flexion is the most likeh' cause of a dorsal dislocation of the base of 
one or more of the four medial metacarpals. The reverse of this mechanical force would 
most likeh' result in a volar dislocation. 

Burk, when attempting to produce carpometacarpal dislocations on cadavera, usualh* 
obtained fractures. In his experiments, he found it necessar3' to cut the anterior and 
posterior ligaments in order to obtain a dislocation. Shorbe repeated Burk’s e.xperiments 
with similar results. Attempts to produce these dislocations on fresh specimens with the 
carpus fi.\ed were unsuccessful, unless the anterior and posterior ligaments were divided. 
A dislocation could then be produced b3' unlocking the bones with flexion and apphdng 
pressure to the bases of the metacarpals. 

Hammann noted that the carpometacarpal joints have strong junctions and liga- 
ments, and he stated that luxation of these joints could onh- occur as a result of special or 
severe injuries. 

jMittler, in referring to the e.xperimental research and cadaver studies b3' Burk, 
Bianchcri, and Romani, stated that the mechanism which produced carpometacarpal 
dislocations was usualh' that of a direct force applied to the bases of the metacarpals, 
and that the resulting volar or dorsal dislocation was determined In' the direction of the 
force. According to Olper, a force applied to the heads of the metacarpals could cause either 
a luxation of the bases or a compression of the radial and ulnar aspects, which would aug- 
ment the concavit3' or the convcxit3' of the hand, and finalh' cause a laceration of the 
ligaments and a dislocation of the affected joints, as cxpcrimentalh' demonstrated b3' 
Burk. The rclativeh' frequent occurrence of laceration of the dorsal carpometacarpal 
ligaments in forceful flexion of the hand has also been noted In' Bianchcri and others. 
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CLINICAL FEATURES 

The usual symptoms of dislocation are pain, swelling, and impairment of the function 
of the hand. Objectively, there is marked swelling and deformity. The deformity is variable 
as to site, depending upon whether the displacement is volar, dorsal, lateral, or mixed 
(divergent). With the more frequent dorsal dislocation, there is a characteristic "dinner- 
fork” deformity with the depression in the palm. In a volar dislocation, the palm is mark- 
edly thickened, and, different from the dorsal dislocation, there may be present a "spade 
type” of deformity, analagous to the type of deformity seen in the reversed Colles’s 
fracture. Motion of the joints of the affected finger or fingers and the grasping power of 
the hand are limited. 


DIAGNOSIS 

As with most wrist injuries, the diagnosis is based chiefly upon the roentgenograms 
and their interpretation by one Avho has a thorough knowledge of the anatomy of the 
carpus. 


TREATMENT 

In early cases of carpometacarpal dislocations, reduction by closed methods is usually 
accomplished without difficulty. In attempting closed reduction, it is essential to maintain 
manual traction on the corresponding fingers of the metacarpal for a sufficient period before 
applying local pressure or beginning any other necessary manipulation. Canavero and 
others also stress the importance of applying traction to the fingers and countertraction 
to the wrist, accompanied by pressure and counterpressure over the palmar and dorsal 
aspects of the hand at the site of the dislocation. 

In late cases, reduction may be very difficult, and sometimes is onl}’- possible by an 
open operation. In regard to the difficulties of late reduction, Shorbe states that unreduced 
carpometacarpal dislocations do not always produce serious disabilities. Burmeister, and 
Roberts and .Holland, also report good function in some cases in which satisfactory reduc- 
tion was not obtained. Bunnell, however, states that "reduction is necessaiy to restore 
muscle balance and proper mechanics in the hand”. Serious consideration should, there- 
fore, be given to old unreduced dislocations before an attempt is made at reduction, par- 
ticularly open reduction, as the result may be only an improvement in the appearance of 
the hand, but no actual improvement in its function. This would be particularly true for 
those patients in whom full restoration of function of the hand is not too important. 

Following reduction of a carpometacarpal dislocation, immobilization with molded 
plaster-of-Paris splints should be maintained for from two to four weeks, depending upon 
the ease both of reduction and of maintenance of the reposition. In old unreduced dislo- 
cations, particularly when open operation is required, external skeletal fixation noth 
Kirschner wires may be necessaiy to maintain the reduction. In such cases, the wires are 
inserted transversely through the bases and heads of the dislocated and the adjacent, 
normal metacarpals. The hand is then immobilized with a light, molded plaster-of-Paris 
dressing, in which the projecting ends of the wires, capped with corks, are incorporated. 
Following the period of immobilization, recovery is facilitated ly physical therapy. 
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PRIiNIARy CLOSURE OF COMPOUND-FRACTURE WOUTNDS 


With Immediate Ixterxal Fixation', Imjiediate Skin Graft, 
AND Compression Dressings * 


BY ARTHUR G. DAVIS, M.D., ERIE, PENNSYLVANIA 


A review of fiftj’' consecutive cases of compound fracture was presented to this 
Association in 1942 by Davis and Fortune. The treatment consisted in immediate debride- 
ment, metallic internal fixation, skin-grafting, and compression dressings. The premous 
practice of leainng compound-fracture wounds open, and thus treating deep tissues in the 
same general manner as superficial tissues, had seemed dlogical to the writer; however, 
routine primary closure had been considered to be precluded bj' the current hazards of 
local and general sepsis. Four physicochemical factors were pointed out as being normal 
for the skin, but devitalizing for deeper tissues, — whether bone, tendon, muscle, joint 
structures, or other soft parts. The surgical principles of compression and exclusion of 
air from the deeper tissues are supported by emdence in medical literature, dating back 
as far as the seventeenth centurj' and including significant contributions from Gamgee, 
Ollier, Larrey, Arey, Blair, Orr, and Koch; the orientation of these principles has varied, 
however, as surgery has passed through successive stages of pre-antiseptic, antiseptic, 
aseptic, and bacteriostatic techniques. The innovation of immediate closure was designed 
to restore the normal environmental state of the deeper cells; their iimate defense mech- 
anisms were considered to be of gi-eater therapeutic value than the action of a bactericidal 
agent. Results in the fifty reported cases were good enough to warrant continuation of this 
V type of treatment. 

N The present report is based upon a series of 150 consecutive cases of compound frac- 
ture **, observed during the eleven-i'ear period from 1936 through 1946. During the first 
five years, when neither sulfonamides nor penicillin were available, twentj'-eight cases 
were treated. In the next four years, eighty-three cases were treated with sulfonamides. 
In the final two years, thirty-nine cases were treated parenterally with penicillin; in 
addition, in these cases a sulfonamide was dusted into the wound. During the last five 
years a blood bank has facilitated the generous use of transfusions, and a high-protein 
diet has been prescribed. 

Except for modifications attending the advent of the newer bacteriostatic agents, 
the blood bank, and the high-protein diet, the program of treatment described in 1942 
has undergone no important change. Greater experience, however, has taught the value of 
a more radical excision of questionable skin. With the adoption of this policy, it has been 
possible to reduce the incidence of sloughing of the wound edges and subsequent infection. 
Improved techniques in the transfer of split grafts, together with the use of the Padgett 
dermatome, have facilitated the grafting of large denuded areas. 

In the 150 cases of this series, there were fifty-five compound fractures of the tibia 
or of both bones of the leg. and fifty-two of the fingers or hand. The humerus was fractured 
in eleven instances, one or both bones of the forearm in fourteen, the femur in two. and 
other bones in five. Twenty-five of the fractures involved joints: among these were 
included twelve ankles, five elbows, three knees, and two wrists. There were four 
deaths; of these two resulted from pneumonia, one from embolism, and one from gas 
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gangrene. One above-the-knee amputation was necessaiy because of the developmen 
of gas gangrene. 

One hundred and thirty-one, or 87 per cent, of the wounds, healed by first intention 
Sloughing of the wound edges occurred in thirteen cases, some of which became infected 
Drainage persisted in one tibia for two months, but the bone united in six months. On( 
plated tibia showed healing of the soft tissues by first intention in two weeks; drainagt 
after three weeks ; the development of a diffuse osteitis, requiring removal of the plate anc 
sequestrectomy; and finally non-union. This is now being treated by bone-grafting for the 
second time, a first graft having been unsuccessful. This case is an outspoken failure and 
defies explanation. One plated tibia exhibited a sloughed skin flap, about three by siM 
centimeters in area, located directly over the plate. The plate was removed after union 
occurred, and the patient returned to work six months after the injuiy. Chronic osteo- 
m3mlitis developed in another plated tibia and the case passed out of our hands; the out- 
come is unknown. One fracture of both bones of the forearm showed drainage when first 
dressed, two weeks after the injuiy, and a sequestrectom}’- was required; in nine months 
the patient had regained complete function of the forearm. 

Twent3'--nine tibiae were fixed bj^ plates or bj’- Vitallium screws alone, immediately 
after admission. Eight others were plated after the soft tissues had healed bj" first intention. 
Three cases required bone grafts. In four, union was delayed or otherwise fault3^ A total 
of twelve cases had skin defects, requiring large grafts. This is exclusive of fingers, in which 
defects are frequently closed with full-thickness grafts. Farmer and Mathewson have 
shown that extensive avulsed skin flaps ma3'^ be used to cover defects. 

About mid-wa3'' in the series it became apparent that the most frequent cause of 
failure of healing b3'’ first intention was the attempt to preserve questionable skin. It is 
now realized that, notwithstanding careful technique applied to the deep tissues, question- 
able skin edges jeopardize the entire result long after the deep tissues have healed. One 
of three methods is therefore used, its selection depending upon the demands of the in- 
dividual case: ( 1 ) When adequac3’' of the circulation in a skin flap is doubtful, the tourni-, 
qiiet is removed; if vitality of the flap is not demonstrated, the flap is resected. ( 2 ) When 
longitudinal flaps can be mobilized and drawn together to cover the denuded area, this is 
done in preference to placing a split graft over the defect; and the defect caused b3' the 
shifting is covered secondariW b3^ a split graft. ( 3 ) Frequentl3'' it is possible to bring the 
wound edges together without tension b3'’ undermining them and using relaxation sutures 
of stainless-steel wire. In no case has there been a noticeable i-eaction to the wire. 

It is sometimes impossible and frequent^'- inadvisable to do combined immediate 
treatment of shock, debridement, internal fixation and closure. Foi‘ this reason several 
different approaches, depending upon the immediate requirements of the individual 
patients, are outlined in the case reports. 

The first case to be described illustrates the severe t3’’pe of injuiy in which immediate 
operation plus immediate shock treatment go hand in hand. 

CASE REPORTS 

C.vsE 1 (M.A.). On July 1, 1942, the patient was underneath a magnet, carrying a ton of steel scrap, 
which accidentally became demagnetized. The patient sustained an amputation just below the right knee, 
a deep lacerated wound of the right forearm with avulsion of most of the extensor muscles, and a compound 
fracture of the left femur. Emergenc3' wire tourniquets wei-e applied to the three injured cxtivmh'ws, and the 
patient arrived at the Hospital thirtj" minutes after the accident. The treatment included an immediate 
Callander amputation of the right thigh; immediate debridement of the right forearm wound, with primary 
clo.sure of t lie skin and compression dressings; and immediate debridement of the compound fracture of the 
left femur, with the application of Kinschner wire traction and a Thomas splint. The patient’s hemoglobin 
was .57 per cent. One thousand cubic centimeters of plasma was given during the initial surgery; approxi- 
mateh’ 4,000 cubic centimeters of blood, plasma, and gluco.se solution, and a total of six cubic centimeters of 
adrenal cortex were given during the first two dai's. The level of sulfadiazine in the blood was maintained at 
about eight milligrams per 100 cubic centimeters for two- weeks. 
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Two months later there was no evidence of union of the left femur, and a sliding bone graft was applied. 
Four months later a typical transplantation of flevor tendons to the remains of the e.xtensors in the right 
Forearm was carried out. Xinc months after the accident the patient was discharged home with an artificial 
limb. Seventeen months following the accident, he returned to work. He has since remained uninterruptedly 
at his job of operating a machine tool. 

Immediate skin coverage of the right forearm, after careful debridement, paved the 
way for the reconstruction and future function of the right hand. The three wounds were 
clean and dry at the first 
dressing, two weeks after the 
injury. 

The second case demon- 
strates the value of immedi- 
ate, thorough debridement 
plus immediate skin cover- 
age. 

Case 2 (L. K.). On June 16, 

1943, the patient’s right forearm 
was caught between the roller and 
the belt of a conveyer system. 

Most of the extensor muscles were 
a\'ulscd, and the skin defect 
measured about four by seven 
inches (ten to eighteen centi- 
meters) (Fig. 1-A). About four 
inches of the ulna and radius were 
laid bare, and a strip of perios- 
teum, one-half inch wide and four 
inches long, was torn from the 
^ radius. The remains of the extensor 
muscles were debrided, and the 
skin edges were resected in the 
usual manner; the tourniquet was 
removed to determine the via- 
bility of remaining deep tissues 
and skin, and was then reapplied. 

The long e.xtensor and the abductors of the thumb were uninjured. The middle of the wound was =utured; 
the rest of the defect was covered by a split-thickness skin graft, three by eight inches in size, taken from the 
left thigh. Sulfanilamide erj’stals were dusted into the wound, and a cast was applied over compression 
dressings of sterile gauze fluffs and sea sponges. The patient received 500 cubic centimeters of plasma during 
operation and 1,000 cubic centimetcre of glucose afterward; his blood sulfadiazine level was maintained at 
between five and ten milligrams per 100 cubic centimeters for a week. 

-Vt the first dressing, two weeks after injuiy, the wound was clean and dry (Fig. 1-B). The hospitalization 
period was .seventeen days. Three months later a typical flexor-tendon transplant for drop wrist was per- 
formed. The patient began light work five montlis after injury; two months l-itcr he returned to his former 
occupation of running a coal-loading machine. 

In both Case 1 and Case 2 the injuries were caused by machine-.shop aceident.s. It 
has been the author’s experience that these wounds are not particularly dangerous as 
regards infection, although they may be greatly soiled with grease and foreign bodies. 

The next case illustrates a combination of immediate treatment of .shock, immediate 
wound closure, and delayed internal fixation. 

Cask (j s ) j,i ,^(rcct accident a man, fifly-«i\ years old, was knockc-d over by an automobile. lie 
'Ust.ained compound fracture- of the right tibia and fibula: a ragged lacenilion of the middle third of the right 
leg. exposing bone: a riglit Monteggia fracture mth the ulna broken at two level-, a di-loeation of the right 
shoulder; a fracture of the right innominate lione and the sacrum; a fracture of the right tran-ver-e proee-- 
of the fourth lumbar x-ertebra; and fracture- of fifth to tenth ribs, «-itli depre—ion of the rh(~t and -ule 
cutaneotH emphy-cma. 



Fig. 1-A 

Massive avukion of extensor muscles and skin of forearm. 



Fig. 1-B 

First dressing, two weeks after primary suture and split-thickness 
skin graft. 
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Immediate treatment consisted in the administration of plasma; debridement and closure of the com- 
pound leg wound, which measured three by five inches (eight to thirteen centimeters) ; casting alone for the 
fractures; reduction of the shoulder dislocation; and compression dressings for the forearm and leg. During 
the first two days the patient’s condition was precarious; he received 50,000 units of penicillin every three 
hours, one unit of blood, and about 4,000 cubic centimeters of 5 per cent, glucose in saline. After two weeks, 
devoted chiefly to treatment of the chest injury, an attempt was made to treat the fractured ulna with an 
intramedullary Kirschner wire; this was unsuccessful because of an old fracture of the ulna. One week later, 
a double Vitallium plating of the tibia was done; and five weeks later a bone graft of the ulna was performed 
and the radial head was reduced and retained by means of a fascial strap, according to the method of Speed 
and Boyd. The arm and leg casts were removed five months after the accident, and physiotherapy was then 
carried out for two months. The patient returned to work as a foreman, six and one-half months after the 
injury. 

All fracture treatment was delayed by the precarious condition of the patient on 
admission. Immediate treatment of shock Avas imperative. Locally, the most important 
initial objective was healing of the compound wound by first intention; this tvas attained 
tAVO AA^eeks after the debridement, primary suture, and application of compression dress- 
ings. 



Fig. 2-C 

Appearance of gunshot wound on admission, six hours after accident. 
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Fig. 2-D 

Appearance immediatelj’ after operation, following removal of accessible bone and lead fragments, 
and partial internal fi.xation. 

• The fourth case illustrates a distinctly 
borderline type, in tvhich survival of an 
extremity seems extremelj^ questionable 
without primarj'- suture, immediate skin- 
grafting, and compression dressing; and in 
which survival of the individual may be 
jeopardized if immediate amputation is not 
carried out. 

C\SK 4 (J. M.). In December 194'^, the patient’s 
left forearm was wounded by a soft-nosed bullet 
fired from a deer rifle; after penetrating the flexor 
surface, the bullet exploded. The appearance of the 
v ound on admission of the patient, six hours after the 
injury, is shown in Figures 2-A, 2-B, and 2-'C.''Thc 
hand was warm, with scattered areas of intact sensa- 
tion. Two units of plasma were given, and immediate 
\ di hridement was carried out. The muscles had been 
ronverted to a pulp; they were spooned out, together 
"ith fragments of lead and bone, down to sound 
tissue. The dorsal defect was sutured flap to flap; the medial defect wsis covered with a split graft, four bv 
five inches in sire, taken from the inside of the thigh; and the fragments of the ulna and radius vere brought 
into approximate alignment, one being fixed with a screw and the other with a mattressed wire suture. .A 
compression dressing, consisting of gaure fluffs and sea sponges, was applied, together with a plaster splint. 
.Ml three attending orthopaedic surgeons took part in the operation. 

of the wound at its first dressing, two weeks after the injury, is shown in Figun.'S 2-D and 
--1.. The level of sulfadiazine in the blood was maintainetl at five to eight milligrams per 100 cubic centimeters 
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Fig. 2-E 

Appearance of wound at time of first dressing, 
two neeks after debridement. .An immcfliate 
split-thickness .skin graft Iiad been applietl. 
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and several transfusions were given. Three weeks later a hemorrhage from the wound edge was controlld 
by compression dressings; on the following day, profuse bleeding nece.ssitated ligature of the dorsal interop 
seous artery; two weeks later another hemorrhage required tying of bleeding points. During this perioc 



Pig. 3-A 

Roentgenogram shows shattering fracture of fiontal and nasal bones. 




Fig. S-B Fig. 3-C 

Pig 8-B: Aiipearanec at admis^^ion, after liead-on automobile accident, witli considerable oo/e of 
cerebrospinal fluid and brain. The patient is unconscious. Immediate debridement and primary closure 

were carried out. . , , , , r .< -t , 

Fig 3-C: Show « appearance at time of nrst dressing and stitch removal, two weeks after the accident. 
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Several transfusions were given. The patient was discharged from the Hospital, nith a draining sinus, on 
!&bruar 3 ' 29, 1944, two and one-half months after the accident. A pedicle skin graft was done two and one-half 
roars after the injur\-. The radius united solidlj' ndthout a bone graft ; onh' fibrous union developed in the 
/ulna. The fingers are contracted, but retain patches of sensation in the distribution of all three nerves. 


What the results in ten such cases would be is indeed problematic. The dilemma posed 
by such a case is the choice between sacrifice of the hand and risk of the individual’s life. 
The availability of penicillin and whole blood persuaded us to attempt salvage of the hand 
in view of the realization that any kind of hand, even if nothing more than a paper weight, 
is more satisfactoiy than anj' kind of prosthesis. If the hand has sensation and if, after 
primary union or reconstructive bone surgery, it can be moved about bj' satisfactory sup- 
porting structures, the risk to the individual seems justified. In this case, the drainage and 
the subsequent sinus came from a wound on the posterolateral aspect of the forearm; this 
wound was so small that we neglected to treat it primarih'. It seems quite impossible that 
this hand and forearm could have survived with an5" kind of open treatment, without skin 
coverage or compression dressings. 

The next case illustrates an unusual and unpredictable complication, in which im- 
mediate primary suture and conservative fracture treatment seem essential to survival 
of the extremity. 

C.\SE 5 (R. S.). While plaj’ing in a junk j'ard, an cight-j‘ear-old child was knocked down b\' an iron flj'- 
wheel, weighing two tons. The flj-wheel passed over both legs, pinned the child down for half an hour, and 
was finallj- removed bj’ means of a jack and crowbars. When seen in the accident room within an hour, the 
patient was in severe shock and showed compound fractures of the shafts of both bones of both legs, with 
severe deformitj’ and fish-belU' appearance of the lower half of the legs and the feet. The treatment con- 
sisted in immediate administration of plasma, debridement, primarj’ suture, manipulative reduction of the 
fractures, and the application of compression dressings. 

In the right leg spontaneous union, in good alignment and apposition, occurred within six weeks. The 
fracture of the left leg failed to unite. Five months after the accident, a sliding bone graft was performed. 
IJhis failed to result in union, however: subsequently a dual bone graft, utilizing a tj-pical onlaj’ from the 
right tibia and the shaft of the left fibula, was carried out, with eventual union. The patient also required a 
lengthening of the heel cord on the grafted side. He was walking without support, eighteen montlis after the 
accident. Three j'ears after the injury he had full function, with no deformitj' of cither leg. 

Since both legs were injured almost identicalh’’, each acted as a control for the other. 
At the time of the dual-graft operation, it was observed that the area of increased density 
m the distal fragment was completely devitalized ; this bone was wholly devoid of circula- 
tion. Probably this was a result of the severe crushing injurj' and a cause of the original 
non-union, as well as the failure of the first bone graft. 

The next case illustrates application of the same therapeutic principles to compound 
injuries of the skull, involving cerebrospinal fluid and brain ooze. 

C.\sE 6 (S. K.). .4. truck driver was in a head-on collision, his face being driven again.st the windshield 
frame. On admission to the Hospital he was unconscious; there was considerable ooze of cerebrospinal fluid 
and l)rain, an irregular lacerated wound of the forehead, and a crush fracture of the nasal and frontal bones 
(Figs. .3-.\ and 3-B). The status at the time of the first dressing, two weeks after the injurj*, is shown in 
Fipire 3-C. The treatment consisted of debridement, intranasal correction of the fractured nasal bones, 
primaiy suture after frosting with sulfanilamide, and application of a compression drc.s.sing which included 
I gauze fluffs and a sea sponge. No anaesthesia was necessaiy. One month after the accident, the patient re- 
turned to his regular work as a truck driver. 

The seventh case illustrates the advantage of primary closure when a joint is so se- 
verely disrupted that arthrodesis is inevitable, and no immediate treatment of the fracture 
IS indicated, other than mere approximation and the application of a skin-fitting plaster 
and a compression dressing. 

C\sr. I (G. K.). On March G, 1944, while p.ainting, the patient fell from a Ladder, injuring hii anklf. Hi- 
injury on admi.ssion to the Hospital, three hours later, i< shown in Figures 4-.t and 4-11. The treatment ineltided 

VOI, jjQ 2, . 


.tenn. lors 



412 


A. G. DAVIS 



Fig. 4-A 

Roentgenograms show typical complete fracture-dislocation. No attempt at exact reduction has 
been made. 





Fig. 4-C 


Fig. 4-D 

Fig. 4-B: Appearance of ankle on admi.ssion, three hours 
after fall from ladder. Treatment consisted of immediate 
ddbridemcnt, saline irrigation, primary suture, and com- 
pression dressing. 

Fig. 4-C: Appearance of wound at first dressing, two 
weeks after injury. 

P’ig. 4-D: ■ ' ■ appearance, four months 

after art hrodc ■ svnosteosi.s. 


immediate adniinistiation of plasma and maintenance of the sulfonamide level in the blood at five to ten 
milligrams jicr 100 cubic centimeters. Since the ankle joint was completely disiupted, no studied attempt 
was made to reduce the fiagemcnts accurately. The local treatment consisted of immediate debrifiement, 
irrigation with saline solution, jirimary suture, and the application of a compression dressing with gauze 
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Buffs, skin-fitting plaster, and elastic webbing bandage. Arthrodesis of the ankle and tibiofibular s\-nosteosis 
were performed on April 24, seven weeks after the injury. Two weeks later the wound was clean and diy 
(Fig. 4-C). The result four months after arthrodesis is shown in Figure 4-D. Three years after injury the 
patient has a stiff ankle, with good function of the leg and foot. 

The importance of immediate closure in hastening the subsequent reconstructive 
surgerj' is obvious. 


DISCUSSIOX 

Because of variables involved in the individual case, it is extremely difficult to evalu- 
ate the merits of any single approach to the treatment of compound fractures. The kind 
and degree of contamination, the size and nature of the skin defect, the amount of bone 
exposed and the degi’ee of shattering, the amount of blood loss, the degree of shock, the 
presence of other injuries, and the age and state of health of the individual prior to the 
accident, — all have a bearing on the outcome. It is possible, however, to evaluate certain 
general features from a studj' of the facts in a significant number of consecutive cases. 
Recent accounts of the results of delayed suture seem significant, but they are limited 
largely to battle casualties in which primarv’^ suture is impractical and hazardous. If the 
armamentarium and abilit 3 ' are at hand for execution of the proper careful debridement, 
internal fixation, skin-plastic operation, compression dressing, and treatment of shock 
nithin the usual time limit, delaj’-ed suture seems to add to the risk rather than to diminish 
it. 

In the present series, the two cases of gas infection, one fatal and the other requiring 
amputation; are open to question. Whether these patients would have survived under a 
program of open treatment is speculative. The fatal case was that of a middle-aged school 
teacher whose tibia was soiled bj^ implantation in the gi'ound in the countr\*. The wound 
was debrided; the tibia was plated; and a primary suture was done. Within thirU’-six hours, 
fulminating gas gangi-ene developed and extended above the lower extremity'; death oc- 
curred within forty-eight hours of the injurj'. At the first warning of high temperature the 
cast was removed, and crepitation was noted around a pinhole wound in the posterior 
aspect of the leg, which had been completety overlooked at the time of primarj’ suture of 
the more obvious and severe wound. The case requiring amputation was a compound 
fracture-dislocation of the ankle, in which the talus was partU- avulsed and in which it had 
seemed clear to the operator that, unless primary suture were executed immediateh", a 
mid-leg amputation would be imperative. High temperature and crepitation immediatety 
above the ankle, plus a positive culture, led to a Callander amputation. 

Balanced against these two disasters are the remaining cases of the series; 146 living 
patients, including 131 whose wounds have healed b\' first intention. Fiftj'-six of these had 
compound fractures of the tibia with protrusion and soiling of the fragments; some resulted 
from street and some from rural accidents. The majority of the patients obtained union 
and function as promptty as though thej' had had simple fractures. In these fifty-six cases 
the penalties of open treatment, whether of dela 3 -ed suture or of the Orr t 3 'pc, would have 
included the hazard of prolonged exposure of cortical bone to air; the usual subsequent 
sequestration of exposed cortex; the frequent non-union, later requiring bone-grafting 
Under most unfavorable conditions; the almost inevitable mixed low-grade infection 1)3' 
putrefactive organisms, which results in massive scarring; the unsatisfactor 3 ' surface 
covering and extensive retraction of skin; and the possibilit 3 '. based upon past experience, 
that amputation might evcntualh* become nccessar 3 '. 

It seems important to classity dirt-soiled wounds into tliree groups on the basis of tiie 
type of bacterial contamination to which thc 3 ' have been subjected; (1 ) Those occurring 
m urban liouscholds and machine shops are least contaminated; (2) those sustained in 
street accidents are more seriousb- contaminated: and (3) those occuring in suburban or 
rural surroundings exhibit dangerous contamination of bone and soft parts 1 ) 3 ' the soil of 
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highly cultivated districts. All of the patients in this series were given prophylactic treat- ^ 
ment, consisting of combined gas and tetanus antiserum. It is realized, however, that, in 
the case of soil-contaminated wounds, it is of the utmost importance to consider the ad- 
visability of open treatment. The fate of the patient will depend upon the experience and 
judgment of the operator who is familiar with both open and closed treatment, and upon 
his abilit}^ to perform a complete debridement. Since the most dangerous anaerobes are 
saprophytic, the wound should be left open unless the devitalized tissues can be removed 
completel3^ 

SUMMARY 

A series of 150 consecutive compound fractures has been treated bj’- primary suture, 
partly with and partly without the advantage of the bacteriostatics, a blood bank, and a 
high-protein diet. 

In respect to wound healing, bony union, prompt restoration of function, and the 
salvaging of extremities, the results have been superior to those obtained by previous 
methods. 

Improved results are attributed, first, to the compression dressing; second, to im- 
mediate coverage of the surface defect with skin or a split-skin graft; and third, to immedi- 
ate or delayed internal hairline reduction, with metallic fixation when indicated. 

The hazard of primary suture is greatly reduced by penicillin and the availability of 
whole blood. Healing by first intention has been more frequent since the adoption of more 
radical excision of partly or whollj^ devitalized skin flaps. Temporary removal of the 
tourniquet has been found to be the only dependable aid in evaluating the vitality of the 
skin. 

A thorough knowledge of and versatility in skin-plastic surgery are important for 
selection of the optimum covering of the individual skin defect. Preference is given to the 
approximation of relaxed flaps, whenever possible. Defects caused b}'’ relaxing incisions are 
covered, immediatel}'’ or later, by split grafts. 

Evaluation of the end results of compound fractures is facilitated by photographs of 
the external wound, made at the time of the usual admission roentgenogram, and repeated 
two weeks later at the time of the first dressing. 

An attempt has been made to evaluate the therapeutic indications of each case on 
admission and to determine the factors which require immediate treatment. Definitive 
fracture treatment should frequently be postponed. It is usually advantageous to carry 
out simultaneously the treatment of shock and a careful debridement, followed immedi- 
ately b 3 ^ closure of the skin and the application of a compression dressing. 
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DISCUSSION 

Dr. II. E.vrle Cox\\’ell, Birmixgiuvm, Ae.4^b.\ma: It is appropriate that Dr. Da\-is should present this 
liscussion before a group of specialists. The technique he describes can be used onl3- bj' surgeons who are 
horoughlj- familiar with it ; it is not to be used indiscriminateh'. 

Even though Dr. Da^^s did not minimize the importance of soft-structure damage, manj' of these 
lases, in mj' opinion, would have responded to skeletal traction and later to some form of plastic procedure 
o the soft structures. We see cases in which too much internal fixation will bring about non-union and other 
complications. In certain cases good function maj' be obtained bj' the use of traction, as well as bt" the 
nethods described bj' Dr. Davis. 

The importance of thorough cleansing and debridement cannot be overemphasized; however, conserva- 
ive debridement should alwaj-s be carried out. I agree that in certain cases of compound fractures, internal 
Exation can be carried out primarilj", but such cases form a small proportion. 

Dr. Kellogg Speed, Chic.ago, Illixois: It is well knowm that a preponderating number of compound 
ractures in this country are cared for b3’ practitioners and surgeons less highU" trained than are to be found 
n this group. Consequenth', while admiring Dr. Daxds’s results, it is mv' usual habit in a teaching hospital 
io cmplo3' simple means and more balanced skeletal traction to obtain and hold reduction of open fractures, 
ifter generous and complete debridement under the best surgical conditions. This is so whether the fracture 
s of the femur or the phalanx of a finger. In civil life, with the patient under hospital control, primar3- plating 
jf an open fracture after debridement may succeed; infections will be minimized as the operator’s experience 
progresses; and primal^* suture ma3' nearK' alwa3’s be attempted, either b3' flap-shifting methods or b3' imme- 
Jiate skin-grafting on wounds which arc difficult to close, followed b3’ gentle compression drc.=sings, such as 
Dr. Davis showed us. Also, we know that frequent redressings must be avoided. To expect these results from 
ill operating practitioners is, however, still asking too much of our less intensel3' trained colleagues. 

Dr, Arthur D,\vis (closingl : From long e.xperience with this audience, I am prepared for criticism of a 
conservative and skeptical qualit3’, I would like to ask, however; “Of what does conservatism consist?” A 
a'hile ago the word radical was applied to wide incisions for exposure and drainage. Is it not more conserx’a- 
tive to depend upon primar3' closure, predicated upon the conditions set forth in the paper, than to interfere 
("'Uh such bone and soft-parts repair b3’ exposing deep celts to the damaging effects of atmosphere, et cetera? 

' . Prior to 1936 the compound fractures at Hamot Hospital resulted ver3' frequenth' in dela3'cd union, 
non-union, prolonged arduous care, sequestration, and amputation. There were no compression dressings, 
skin plastics, standardized inert metals, skin grafts, sulfonamides, penicillin, or blood transfusions. Each 
suing of the pendulum finds us in a different mood, uith new tools in our lumds. This subject has suTing 
between alternations of open and closed treatment for about one hundred and fift3' 3'ears. The recentU’ 
acquired knowledge in these fields requires reorientation of the.«c different factors in relation to compound 
fractures. 

The difference between the results in our own Hospital in the last ten 3-cars and in the ten 3-ears immedi- 
atel3- preceding is as the difference between night and da3-. We do not lose extremities toda3-. We expect 
union almost as promptU- as though the fracture were simple; we convert the compound fracture to a simple 
one immcdiatel3- (within a few hours of injur3-). I do not like to think of what might have happened to the 
fift3--six tibiae in this series if the3- had been treated b3- an open method. We do not plate immcdiatelv in all 
c.-t'es. I\e close the wounds primaril3-, after a careful debridement. Pometimes such debridement is impossi- 
ble, because of the sacrifice of tissues vital to the extremitv. 

The reason for presenting this paper here rather than elsewhere is that this group is equipped to e.xecute 
the exacting technique required. The goal in terms of prompt callus formation and prompt wound healing 
Pcems mfinitel3- worth while. We in Erie, w-ith the evidence of the two decades liefore u=, could not po='iblv 
return to an3- kind of open treatment for the great majorit3- of our compound fraeture.s. 
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PRIMARY ANTERIOR CONGENITAL DISLOCATION OF THE HIP'^ 

BY H. R. MCCARROLL, M.D., ST. LOUIS, MISSOURI 

I'rom Shnners Hospital for Crippled Children, and Department of Surgery, 

Washington University School of Medicine, St. Louis 

Ryerson, in 1907, first reported a case of primary anterior congenital dislocation of 
the hip. This apparently stimulated little interest in the subject, however, and a thorough 
search of the medical literature reveals no further reference to this distinct clinical entity 
until 1939. The fact that this type of dislocation is more difficult to treat than the more 
common posterior type was apparentlj'- not recognized. 

In 1939, a series of ten cases with dislocation of the primaiy anterior type was re- 
ported by McCarroll and Crego. Further study of this condition oA'^er a period of twelve 
years revealed that the anterior dislocation is not so rare as was originallj^ thought. In a 
series of 111 congenital dislocations of the hip, observed from 1935 to 1945, inclusive, 
the primary anterior type was encountered in twenty-five hips or 22.5 per cent, of the 
entire group. The clinical manifestations responsible for the classification of this type of 

dislocation were thoroughly covered in the 
author’s initial report and will not be repeated. 
Observation over a period of eight additional 
years has brought no change in these diag- 
nostic criteria. 

A plan of treatment was suggested in the 
previous report; this consisted of preliminary 
skeletal traction, followed by attempted closed 
reduction, and, after closed reduction had^ 
failed, bj’' open reduction and the production 
of a superimposed massive anterior shelf. 
Every attempt ivas made to place the femoral 
head in the acetabulum, although in many 
instances it was impossible to maintain this 
reduction even at operation. Of the three hips 
in which the femoral head could be held in the 
acetabulum at the time of operation, recurrent dislocation into a true anterior position 
followed very earlj'- in two. The massive anterior shelf, extending from the posterior margin 
of the acetabulum to the anterior superior spine, was used, therefore, in order to afford 
stability and a weight-bearing surface for the femoral head, whether it was left in an 
anterior position at the time of open reduction or returned to this position after operation. 
Twelve operations of this type were performed, and the patients have been followed 
sufficients^ long for their results to be eAmluated with some measure of accuracy. This 
follow-up study varies from two to ten years, with an average of 5.8 years, for the twelve 
hips (Table I). Results from this surgical procedure were stated to be entirely satisfactory 
at the time of the initial report. Additional time, however, has proved the fallacy of this 
statement. Alost of these hips have subsequently shown shortening of from one-qnarter 
to three-quarters of an inch; and the patients have experienced limp, positive Trendelen- 
burg sign, and pain, apparently from secondaiy traumatic arthritis (Figs. 1, 2, 3, and 4). 
In this series of twelve hips, five are now classified as fair and six as poor. 

The additional hip (Fig. 5), classified as good, remained well seated in the acetabulum 

* Read at the .tiinual Meeting of The American Orthopaedic A.s^-oeiation, Hot Springs, Virginia, 
JiinodO, lf)}7. 



Fig. 1 

J. M. Primary anterior congenital dislocation 
of the hip, ten years after massive anterior shelf 
operation. Patient obtained a fair result, with 
good motion; one-half inch of shortening and 
some pain i-esulted. 
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Fig. 2 Fio- 3 

Fig. 2: F. T. Primarj’ anterior congenital dislocation of the hip, six years after massive anterior 
shelf operation. The result was poor, with one and one-half inches of shortening, and some pain: motion 
was good. The shelf is undoubtedly still functioning. 

Fig. 3: W. D. Priman- anterior congenital dislocation of the hip, ten years after massive anterior 
shelf operation. The result was fair, with good motion, one-quarter inch of .shortening, and no pain. 
The shelf still functions, but there has been no attempt to cstabksh a smooth, rounded, weight-bearing 
surface. 



Fig. i Fig. 5 

Fig. 4; V. W. From a roentgenographic standpoint, this represents the best end result in the group 
treated by massive anterior shelf operation, but the patient was followed for only three years. The 
result is classed as fair, with fair motion, shortening of thri^quarters of an inch, and no pain. The 
femoral head appears to be in the acetabulum, but is actually in an anterior position. 

Pig. o; A. B. (case 8 in the original report'. This shows the one hip of the entire group, treated by 
massive anterior shelf operation, which remained seated in the acetabulum. The shelf has now entirely 
disappeared, ten years later. The result is classed as good, with good motion, no shortening, and no pain. 

after open reduction and did not become redislocated, as did the others: the massive 
anterior shelf was gradually absorbed over a period of several years. X shelf will persist 
only when it is in active use, which was obviously not true in this instance. At the time 
of the initial report, it was felt that attempted closed reduction would invariabh' fail 
in this type of hip. It was also felt that recurrent anterior dislocation would follow open 
reduction, even though in this one hip (listed as Case S'), reduction was still present. 
In spite of this, simple closed reduction has been attempted in each case a« the initial 
procedure, and it has since proved succe.ssful in five hips (Figs. 6-A and 6-B) or 20 per cent, 
of the entire group. These five cases have now been followed for an average of 2.S years. 
4 heir results are classified as good at this time, and some of them could easily be considered 
normal hips. Why these five hips of the typical primary anterior type should have re- 
sponded to closed reduction, while others of the same clinical type failed, i^ not clear. 
It may, however, be due to the fact that the anterior rim of the acetabulum wa< not so 
defective in the-'e five ca^es as in the others. The satisfactory results obtained in the.-e cases 
raise the question as to whether or not the original clinical classification was correct: 
.vet each patient showed the characteristics typical of the primary anterior t>-pe. 

At the time the massive anterior shelf was being used, five cases were treated by 
voi, „ ^rnn. mis 
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acetabular reconstruction. Reduction could be accomplished in these hips, and the opei 
tion merely changed the angle of the superior rim of the acetabulum, in order to affo 
a shelf or ledge of bone directly above. This was used in those instances in which the h 



Fig. 6-A Fig, 6-B 


Fig. 6-A: J. C. Piimary anterior congenital dislocation of the hip in a child, two j'eais of age. Tieat- 
ment consisted of preliminary skeletal traction and closed i eduction. (Supracondylar deiotational 
osteotomy was performed as the final step in the treatment of all cases included in this report.) 

Fig. 6-B: The same hip, four years after treatment. The lesult was classed as good, with noimal 
motion, no shortening, and no pain. Treatment by closed reduction in this manner succeeded in only 
20 per cent, of the cases. 



Fig. 7-A Fig. 7-B 

Fig. 7-A: B. P. Untreated piimar 3 ' anteiior congenital dislocation of the hip in a child, si.\ .veais of 
age. Treatment consisted of skeletal traction; open reduction; and supeiior acetabular leconstiuction, 
with an attempt to curve the shelf anteriorly and infcrioily to pioduce an anterior ledge. 

Fig. 7-B: The same hip after five 3 'eais. The lesult was classed as fair, since the hip icmained reduced 
and stable, yet the motion was only fair and some pain was present. 



Fig. S-A Fig. S-B 

Fig. 8-A: P. H. Untreated primar 3 ' anterior congenital dislocation of the hip in a child, thice 3 ’eais of 
age. Treatment consisted of skeletal traction, open reduction, and acetabular leconsl ruction .supci ioily. 

Fig. S-B: The same hip, three vears later. The result is classed as fair. Even though the hip is still 
stable, has noimal motion, and no pain, the femoral head is not well seated in the acetabulum. It tends 
to ride outward and anteiiorh', and permanent reduction ma 3 ' not 3 Tt be assured. 
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seemed a little more stable at the time of open reduction. In two instances, however, an 
aUempt was made to curve the shelf anteriorly and downward to form a partial curved 
f^dge in front of the femoral head (Figs. 7-A and 7-B). This was difficult and unsatisfactory, 
because of an insufficient amount of bone at this point. 

These five cases have now been followed for an average of 3.6 years. Only one hip 
can be rated as good at this time. Three are classified as fair and one as poor. The poor 
result is in a child who was seven years of age at the time of operation. After two j'ears 
the hip shows very little motion; functionally it is poor; and there is still some question 
as to whether or not reduction will be permanent. Of the group classified as fair, pain is 
present in one after five j'ears (Figs. 7-A and 7-B) and two are questionable from the 
standpoint of permanent reduction. The hips show some tendency to slip forward in the 
acetabula (Figs. 8-Aand 8-B), even though they have not actually become redislocated. 
Even if results in all five cases of acetabular reconstruction were satisfactory, this method 
could still not be relied upon as a satisfactory' means of treatment. The twelve hips in 
which a massive anterior shelf was formed also had the equivalent of a superior acetabular 
reconstruction, since the shelf was started at the posterior rim of the acetabulum. Re- 
duction was still possible in only one hip; this reduction was maintained. 

In one patient (Figs. 10-A, 10-B, and 10-C), several attempts at closed reduction were 
unsuccessful, and the femoral head could not be held in the acetabulum even at open 
operation. The acetabulum in this case was deepened by removal of its articular cartilage 
and considerable bone from its depth. In this waj' an 


anterior rim or ledge was developed in the acetabulum, 
and the head remained seated. The articular cartilage of 
the femoral head was placed in direct contact with the 
cancellous bone of the acetabular bed, without the use of 
an autogenous or foreign arthroplasty medium. After four 
years, the result, in this hip can be classified as fair. The hip 
has not become redislocated, although the femoral head 
is riding at the outer edge of the acetabulum and, from a 
roentgenographic standpoint, does not appear very stable. 
The motion in this hip is fair, and already there is evidence 
of progressive traumatic arthritis in the joint. Its appear- 
nnee, even at the time of operation, did not justify another 
attempt at reduction by' the same method. 

It has always seemed wise in the management of these 
hips to maintain the architecture of the tyvo articular 
surfaces, if at all possible. This accounts for our persistent 
effort in most instances to ay'oid the use of some form of 
arthroplasty. Following this criterion, still another form of 
surgical reconstruction has been attempted, — namely, the 
use of the anterior buttress. The basic underlying anomaly 
111 the primary anterior congenital dislocation is a defect 
111 the anterior acetabular rim. .\ttempts were made to 
I ’^Pair this in some of the earlier operations, in e.xactly 
thc same way that the superior rim of the acetabulum is 
reconstructed. This was never successful, however, because 
fif an insufficient amount of bone along the anterior portion 



Fig. 9 

Diagram .allowing the tvpe and 
location of free graft, used in the 
anterior buttress operation. The 
graft is driven intracap=ulariv into 
the anterior rim of the acetabulum 
allovnng it to project laterally in 
front of the head and neck of the 
femur. 


o the acetabulum. One final attempt has been made to accomplish this bv means of a 
arge free graft, removed from the wing of the ilium, and yvhich. for lack of a better tcmi 
called the anterior buttress (Fig. 9). This large graft is curved slightly in its lateral plane 

anterior rim of the acetabulum. The mass of the 
b . t I.' allowed to project laterally, directly in front of the femoral head. This wa- fir-t 
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TABLE I 

Results in Tu'Exrv-Fms Hips with PRI^LAInr Anterior 
Congenital Dislocation 


1 

Treatment 

1 

No. of 

Average 

Follow-up 

(Tears) 

Results 

Hips 

Good 

Fair 

Poor 

Massive anterior shelf . 

12 


1 

5 

6 

Successful closed reduction 

5 


5 

0 

0 

Acetabular reconstruction superiorly 

5 


1 

3 

1 

Deepening of acetabulum 

1 

4 

0 

1 

0 

Anterior buttress 

2 

1.3 

0 

2 

0 

No treatment 

1 


i 




attempted placing the graft extracapsularl 3 ’-, but it was impossible to hold the graft in 
position in this manner. Later the graft urns placed inside the capsule and the capsule ivas 
sutured over it, in order to maintain the correct position. Technicallj', this is a difficult 
procedure. The anterior portion of the acetabulum is often too poorlj^ developed to permit 
a graft of this type to be inserted and to project directlj^ laterallj", in front of the femoral 
head. In these instances the graft is simplj' laid across the front of the hip joint, with its 
base overljdng the denuded acetabular rim, and anchored inside the joint capsule. At times, 
it has been verj’’ difficult to visualize this graft bj' roentgenogram. The visualized portion 
of the graft has at other times shown no apparent connection with the anterior rim of the 
acetabulum, but appears to lie inside the joint, opposite the femoral head or the femoral 
neck. Hffiether or not, therefore, the bone graft actuall}^ is attached and holds in the 
manner intended, is impossible to state in manj' instances. An operation of this type maj' 
serve simplj' to produce an anterior ledge for the acetabulum bj' extensive postoperative 
formation of scar tissue.* 

^ Late end-result studies are not possible on hips treated bj' the establishment of an 
anterior buttress, and the method is included onlj’’ as a preliminarA* report, to show what 
is being attempted in this type of hip at the moment. It has been used in two hips of 
the primaiy anterior type (Figs. 11-A, 11-B, and 12). It has also been used in three primarj' 
posterior dislocations, not included in this series, in which redislocation into an anterior 
position occurred after treatment. No recurrent dislocations have as A'et been encountered 
after this procedure. In the two primarj" anterior dislocations included in this series, the 
results can be classified as fair after fifteen months. In one hip (Figs. 11-A and 11-B) a 
massive anterior shelf had been constructed eight j'ears previoush’, and proved unsatis- 
factorj' because of pain. A simultaneous superior acetabular reconstruction AA’as performed 
in the second case (Fig. 12) because of an inadequate superior rim, and this amount of 
surgerj" probablj- accounts for the fact that the residual motion is limited to 60 degrees. 

CONCLUSIONS ' 

At present it maj' be safeh’ stated that no universally satisfactory method has been 
found for treating the primarj' anterior dislocation which cannot be corrected b\- closed 
reduction. In an attempt to accomplish this without disturbing the architecture of the 
articular surfaces, the use of the anterior buttress will be given further trial. If thi« 
pioves unsatisfactor.v, some tj’pc of arthropla=:tA' would seem to be the next logical step 
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RESULTS OF TREATMENT OF IRREDUCIBLE CONGENITAL DISLOCATIOI'] 

OF THE HIP BY ARTHRODESIS 

BY CHARLES J. FRANKEL, M.D., CHARLOTTESVILLE, VIRGINIA 

From the Department of Orthopaedic Surgery, University of Virginia Hospital, Charlottesville, and the Shriners’ 

Hospital, St. Louis, Missouri 

The choice of a proper palliative procedure for treatment of unilateral, irreducible 
congenital dislocation of the hip has always been most difficult. In 1940, a study was made, 
by the author, of the cases treated by shelving, osteotomy, and arthrodesis at the Shriners’ 
Hospital in St. Louis and at the Universitj'- of Virginia Hospital, and the literature was 
reviewed h 

The conclusions reached, based on the study of our cases and the results in cases 
treated throughout the country, were that, in the treatment of this condition, arthrodesis 
offered the patient the best prognosis, for relief of pain and improved function. None 
of the other palliative procedures seemed to assure consistently good end results with 
freedom from pain. We were of the opinion that a child whose economic status was such 
as to make it almost certain that he or she would, in later life, be required to earn his or 
her own living, and whose work probably ivould not be sedentary, would be able to carry 
on best with a stiff, but painless, hip. 

Fourteen patients in the younger group were treated bj^ arthrodesis. Only eight, 
however, had adequate follow-up studies. The youngest child was seven 3 ’-ears of age and 
the oldest was fifteen. The average age was twelve. The longest follow-up period was 
twenty-one years; the shortest was four and one-half j'-ears; and the average was fourteen 
years. Seven of the patients were girls. 


PROCEDURE 

All of the hips were pulled down as far as possible by preliminary skeletal traction, 
which was applied for from three to eight weeks prior to surgery. 

Four patients had initial extra-articular fusions in which tibial or trochanteric grafts 
were driven through the head distally and the ilium proximally. In one case a secondary 
extra-articular fusion was performed. The hips were placed in the best position for fusion, 
and osteotomies were performed later where it was necessary to provide a better func- 
tional position. 

Fusion was obtained in two hips by simply denuding the femoral heads and placing 
them in a trap door in the ilium. In one instance, a flap from the ilium was turned down 
and driven through the femoral head. The flap was held in place by two Vitallium nails. 
Another hip was fused simply by the use of a long Smith-Petersen nail, which ivas driven 
through the femoral neck and head deep into the thick portion of the ilium. 

RESULTS 

One of the two hips in which no graft was applied failed to fuse. Later, when a graft 
was used, solid arthrodesis resulted. All of the hips fused well. The average time required 
for fusion Avas two- 3 ’-ears. In several hips, fusion took place in from eleven to fourteen 
months, Avhile the’ others required from thirty-two to thirty-eight months. 

Prior to traction and surgeiy, shortening aA^eraged three and one-fifth inches in the 
eight cases foil OAA'cd. After arthrodesis, shortening aA'-craged three-quartei-s of an inch; 
the aA^erage correction Avas tAvo and two-fifths inches. In one case, an epiph3"seal arrest 

* Presented at the Annual IMeeting of The American Ortliopaedic Association, Hot Springs, Virginia, 
June 30, 19-17. 
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has been performed with no apparent change in the amount of shortening, which, 
years after the arrest, is still one and one-half inches. 

Our results were tabulated according to a modified standard set up by Galeazzi’l 
clinic and used by Steindler in his report in 1935. All of the patients to date show goocl’^ 
results: Their shortening and limp are slight; none have pain; and fatigue is mild in three 
cases. None of the patients have arthritic complaints, and none consider the stiff hip a 
major disability. 


C.^SE REPORTS 

Case 1. B. L., a twelve-year-old wliite girl, had three inches of shortening. Forty-si.\ pounds of traction 
was applied for six weeks, and then a shelf operation was performed which failed. One month later, fifty 
pounds of traction was applied for thirty days. This was followed an extra-articular arthrodesis with a 
tibial graft. The hip was immobilized for eight months in a hip spica. The end results were three-quarters of 
an inch of shortening and no complications from traction. 

Case 2. D. M., a fourteen-year-old white girl, had tliree and one-half inches of shortening. Thirty 
pounds of skeletal traction was applied for twenty-five day^s, followed b 3 '^ an intra-articular arthrodesis by 
simpb^ denuding the femur and acetabulum of cartilage. Immobilization was carried out for eight months, 
but there was no evidence of arthrodesis. The patient was sent home. She returned in six years, and a sub- 
trochanteric osteotomy was performed. Arthrodesis occurred after six months of immobilization. The ciul 
results were five-eighths of an inch of shortening, no pain, and no complications from the pin. 



Fig. 3-A Fig. 3-B 

Fig. 3-A: Case 3, I. C. Dislocation of hip. Three inches of shortening present on Maj^ 29, 1936. 

Fig. 3-B: Arthrodesis followed three weeks of fifty-pound traction. Subtrochanteric osteotom.v was 
performed to improve position. Results on January 11, 1939. 



-i ivj. j.— Jk 

Fie 4-A: Case 4, L. C. Dislocation of hip and three inches of shortening present on May 19, 102() 
Fig. 4-B: Arthrodesis three years after grafting. 
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Fig. o-B 


Fig. o-.A-. Case a, C. ^>1. Disioeaiiaa <si Uip 'K\tVv 
three and one-half inches of shortening present 
on November 6, 1925. 

Fig. .5-B; Four years after arthrodesis. 

Fig. 6-.A; Case 6, P. O. Dislocation of hip irith 
three inches of shortening present on September 
5, 1939. 

Fig. 6-B; Hip after treatment for si\ iveek.« mth 
forty pounds of traction. 

Fig. 6-C; Four years after osteotomy and ar- 
throdesis. 



Fig. 6-.\ 



Fig. &-B 



Fig. &-C 



C\«E 3. I. C., a fourtecn-ycar-old white girl, had three inches of shortening. Fifty pounds of traction 
aas applied for three weeks. Intra-articular arthrodesis wa-- ilone; but simple denuding of the head and ace- 
tabulum was uusucce.s.stul. This was followed, seventeen months later, by an extra-articular arthrodesis with 
a tibial graft and a subtrochanteric osteotomy. The hip was ininiobilired for eight month-. The end re-ult 
Was an excellent fu-ion and a iiainle-s hip. One-h.alf inch of shortening remained; there were no complications 
from the pin. 


C \si; 4. B. C'., a fifteen-year-old white girl, had three niche- of -hortening. Siwi iity iKiiind- of tr.iction 
wa- ap))he<l for -ixty day-, followed by an extra-articular arthrode-i- with a trochanteric graft. Tlic hip wa,s 
niiniobilirisl for eight months. CoHid fu-ion and a paiiiles- hiji re-uhts!. Then* wa- -light fatigue, and three- 
(piarters of an inch of shortening remained Then- wen* no coni]ilication- from the pm. 

t \~i; I, .M., a thirtwii-year-old white girl, hail thm* and oiu-half inch'-- of -iiorti ntng. Sin* w.as 
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treated by fifty pounds of traction for thirty days, followed by simple extra-articular fusion. The hip was 
immobilized for eight months. The re.^ult was good fusion with three-quarters of an inch of shortening and 
no pain. Xo complications from the pin occurred. 

C.tsE 6. P. 0., a thirtcen-year-old white girl, had three inches of shortening. Forty pounds of traction 
was applied for six weeks, followed by e.xtra-articular application of a ma.=.sive tibial graft. .A.ftcr immobiliza- 
tion for six months, subtrochanteric osteotomy was done to improve the position of the hip. Immobilization 
for ten weeks followed. Good fusion resulted. There was one inch of shortening, but there were no complica- 
tions from the pin. 

C.\SE 7. E. C., an eight-year-old colored girl with three inches of shortening, was treated by thirty 
pounds of traction for three weeks. This was followed by application of an iliac e.xtra-articular graft and 
Vitallium nails. The hip was immobilized for six months. Fusion took place in one year. The end results were 
good fusion and a painless hip; one inch of shortening remained. Xo complication from the pin occurred. 

C.xsE 8. P. L., an eleven-year-old white boy, had three and one-half inches of shortening. He was 
treated by application of forty pounds of traction for three weeks, followed by arthrodesis with a four-inch 
Smith-Petersen nail, which was driven through the neck and head of the femur into the ilium. The boy was 
immobilized in a cast for four months. Clinical union occurred in one year. -A. painless hip, three-quarters 
of an inch of shortening, and good fusion resulted. Xo complications occurred from the pin. 

^lanj' of the earh^ cases were treated by Dr. Leroy Abbott. Ivirechner tvires and later 
bicycle spokes were used for skeletal traction and were placed through the lower third of 
the femur. No sign of nerve palsy or any circulatoiy difhculty developed in any of the 
cases. In two cases, not included in this series, .small ring sequestra developed about the 
tvires. These were thought to be due either to the high-speed electric drill used or to the 
side-to-side movement of the wire. This complication has been eliminated by the use of a 
slower-speed drill and threaded wires. .\11 of the children complained of pain after a week 
or two of traction, but mild sedation was adequate to cany them through the treatment. 
No accurate check was made of changes in pulse rate. Countertraction was obtained bj’ 
'extremelj' high elevation of the foot of the bed. 

CONCLUSION'S 

Arthrodesis, in cases of patients with unilateral, irreducible congenital dislocation, 
assures the best results as far as pain and fatigue are concerned. The operation should 
be limited to patients of the lower economic level. Sociologists estimate that a child has 
one chance in twelve of rising from a low social-economic level to the so-called middle- 
class level. If such a child must expect to earn his or her living through manual labor, a 
painless hip is almost a necessity. 

In the small series of cases presented, uniformly good results were obtained by 
arthrodesis. Other clinics have also reported similar results in their small series of cases -. 
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FOLLOW-UP vSTUDY OF THE EARLY TREATMENT OF’ 
CONGENITAL DISLOCATION OF THE HIP * 

BY C, H, CBEGO, JR., M.D., AND J. R. SCHWARTZMANN, M.D., ST. LOUIS, MISSOURI 
From the Shriners’ Hospital for Crippled Children, St. Louis 


The earl}^ treatment of congenital dislocation of the hip in this Clinic is based on the 
premise that forceful manipulation and reduction, with prolonged plaster immobilization; 
constitute unsound treatment. In the authors’ experience, this method, formerlj^ known 
as the “bloodless reduction”, has proved to be unjustified. 

Our results from the use of forceful manipulation have been discouraging from the 
standpoint both of immediate effect and of long-term observation. Experiences here closelv 
parallel the results reported by Gill in a recent follow-up stud.y of this method of treatment 
of congenital dislocation of the hip. 

The groundwork for our present management of congenital dislocation of the hip was 
laid prior to 1933 , and the preliminaiy work has already been reported b}’’ Crego and bv 
McCarroll and Crego. These reports discussed the objections to “bloodless reduction”: 
therefore, further discussion will not be offered in the present follow-up studj'-. In none ol 
the present series of cases has it been found necessaiy or even advisable to resort to forcible 
manipulation and immobilization in the frog position, in order to obtain a satisfactory 
result. 

The present anal3'-sis deals with follow-up observations in those cases treated initially 
before the children had passed their seventh year. Four of the total number were treated 
first between the ages of one and two 3'’ears; four were treated initiall3’’ between the 
ages of six and seven years; and seventy were treated first between the ages of two 
and six 3 mars. The correlation of end results with respect to age at the time of initial 
treatment is shown in Graph I, and from this it can readil3'^ be seen that the optimum age 
for treatment lies between two and five years. The greatest percentage of normal end 
results was obtained in that group treated first at two 3mars of age. 

The cases reported have been followed for a minimum of one 3'-ear and a maximum of 
fifteen 3''ears after the completion of treatment. In approximatel3'’ 50 per cent, of the total 
number of hips, the follow-up stud3'- has been continued for six 3''ears or more. 

Since 1933 , a total of ninety-three dislocations of the hip, within the age group re- 
ported, have been seen. Of these, sixty-one are classified as primary posterior dislocations, 
seventeen as primary upward luxations or subluxations, and fifteen as primary anterior 
dislocations. The criteria for such a classification have alread3’' been pr-esented in detail b3’ 
McCarroll and Crego. 

The present analy^sis deals with those hips classified as havirrg primary posterior dis- 
location, primary upward luxation, or subluxation, and involves sevent3^-eight hips in 
fift3'’-two patients. The fifteen primary anterior dislocations are being anab^zed in a sepa- 
rate report b3^ IMcCarroll, which appear-s in this issue of The Journal, and will not be in- 
cluded here. 


METHOD OF TRE.VTAIEXT 

Treatment of congenital dislocation of the hip is dii-ected toward restoring the hip 
joint to a state as nearb’’ normal as is possible, both functionalb’’ and anatomically (struc- 
turally)- Sound treatment requires, first, that all the factors contributing to tire abnormal- 
ity of the hip joint be recognized, and second, that these factors be made as nearly normal 

as possible. 

* Read at the .-tnmial .Meeting of The .\meriean Orthopaedic .\s,-iociation, Hot Spring-, \ irginia, .Jime 
30, 1947. 
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Graph I 

Shows relationship of age at initial treatment to end result. 


legend 

mRMhL 

WlSFACWRV 

failure 


In analj’^zing a hip for treatment, the various factors to be considered, which may 
be present at the time of initial e.vamination or may be observed during treatment, are: 

1. The dislocation itself; 

2. Anomalies of the head and neck of the femur: 

3. Anomalies of the capsule; 

4. Anomalies of the acetabulum. 

We believe that the logical treatment of congenital dislocation of the hip requires 
that any abnormality which presents itself, and prevents either reduction initially or 
itiaintenance of the reduction, should be corrected when the necessity first ari'^es. 

The Dislocation Itself 

In sevent 3 "-one of the seventj'-eight hips, the dislocations were complete. — that is. 
the head of the femur laj' completeh’ outside the acetabulum in either a posterior or an 
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Fig. 3 Fig. 4 

Fig. 3: Congenital partial ab.sencc of femoral neck. Such anomalies prevent maintenance of reduction 
any means. 

Fig. 4: Showing method of correcting femoral torsion bj'^ supracondjdar osteotomy. This procedure 
is seldom done on both sides simultaneously. 



Method of determining presence of femoral 
torsion. 

Fig. 5-A: Anteroposterior view of pelvis, 
with both knees in neutral position. Torsion 
is present bilaterally. 

Fig. 5-B; Both knees arc in 70 degrees of 
internal rotation, showing normal angles of 
femoral neck. 

Fig. 5-C: Showing result five 3 'cars later. 
Each hip was ti-eated by skeletal traction, 
followed by derotational osteotomy to com- 
pensate for femoral torsion. Treatment was 
started at two years of age. The left hip was 
treated completely before treatment was 
started on the right hip. The results were 
graded as normal bilaterally, five j'ears after 
treatment was begun. 



Fig. .5-C 


upward position. The other seven were incomplete dislocations or sublu.xations, in which 
the head of the femur lay outside the socket, with partial upward displacement (Fig. 1). 

In order to bring the head of the femur from its position of dislocation or sublu.xation 
to a position where it could be placed into the acetabulum without violent force, two 
methods were used, — manipulation and traction. Manipulation, as used in this Clinic, 
means that, with no more force than is required to demonsti'ate telescoping, the head of 
the femur is brought within the acetabular fossa. Traction, either skeletal or skin (il 
sufficient), was used as a preliminaiy to reduction in all cases which would require more 
than the amount of force of manipulation to place the head within the acetabulum. I'oiri- 
ble manipulation under anaesthesia has not been used in any of these cases. 

When traction is used to pull the head of the femur down opposite the acetabulum. 

Tin; joiTi.vAC or iio.vi: avo joi.nt sranntv 
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Fic. 6-A Fig. 6-B 


Roentgcnographic appearance, eight years after beginning of treatment (Fig. 6-B), in a ea=e cla.«=i- 
nccl as normal, right, and failure, left. Treatment was started at four years of age in this ease of bilateral 
postenor dislocation. The right hip was treated by skeletal traction after tenotomy of the hip flc.xors 
f f V by open reduction. Femoral torsion uas not present at open reduction. The 

left hip was treated by skeletal traction, and stable reduction wa.s achieved. Torsion was present but 
was purposely not corrected, to demonstrate that it will not correct it.=elf spontaneously. The left hip 
was redislocated to an anterior position two vears later, because of failure to correct the torsion of the 
femoral neck. 


fleWodcf 

^J^conjtrudfn^ 

flcetabiilurn 



the head of the femur should be brought into the 
proper position within a two-week period. Traction 
is continued, the position obtained being maintained 
tor a total of four weeks. Following this, and usualh' 
with the use of an anaesthetic, the head of the femur 
can easilj'- be placed into the acetabulum by internal 
rotation and abduction of the thigh. In this position 
plaster is applied, and the reduction is maintained in 
plaster for three months before further treatment, if 
indicated, is carried out. 

Five of the seven sublu.xations were reduced by 
simple manipulation without an anaesthetic, and did 
not require preliminaiy skeletal traction. In two of 
the five, reduction was achieved spontaneously by 
the hips being placed in wide abduction and internal 
rotation. These two reejuired that femoral torsion be 
corrected, in order to maintain reduction. In the other 
thiee. spontaneous reduction occurred during treat- 
mont for complete dislocation in the opposite hip. of acclSX'n.c™;,'':;^^ 
and tile subluxations remained reduced without 

urther treatment. Of the remaining two subluxations, preliminary skeletal traction wa- 

cqmred to bring tiic head of the femur opposite the acetabulum, preparatory to reduction. 

f complete dislocations required preliminary traction to bring llie 

skoIr>i°i position where it could be placed into the acetabulum. U-uallv 

hv mo' n ^'f u " ca-e. could satisfactory pull be applied 

•'.t means of adhesive skin traction. FlJocu 

Gill reported that in thirty (approximately 9 per cent.) of his ca.-c-. the hin- were 

rob, tin. ”1 ‘'very instance to bring the head of the femur into a .-ati-factorv 

inn ioiiu '.'ifV" f ' ^ ‘“•‘'tabulum. in order to permit reduction: but .stable .-eatino 

the- malpo-ition „r ,l,c l„,„l ,1,, 

nnun of ,1„. correction of otlmr abnonnalitie- wa- n quinai to ,Jn. 

\oi.. V.,. 


Fig. 7 

Diagraminatif ‘-ketch ‘-how- 
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tain stable reduction. In onlj'- eleven of this series, or 14 per cent., was traction or manipr 
lation alone sufficient to maintain stable reduction. 

In addition to correction of the malposition of the femoral head, it was necessary t 
correct associated abnormalities, in about 85 per cent, of the total hips treated, before 
stable reduction was effected bj'' the initial treatment. 

In addition to the degree of dislocation, we take into consideration the tyfe of disloca 
tion, and have found, as reported by McCarroIl and Crego, that primary posterior disloca 
tion and upward luxations and subluxations are more amenable to treatment than av 
primary anterior dislocations. This is of value from a prognostic standpoint (Fig. 2). 

Anomalies of the Head and Neck 

Certain anomalies, such as absence or partial absence of the neck of the femur, preven 
maintenance of reduction by any form of treatment. The so-called “i-eptilian” hips 
mentioned bj^ Stewart, and those with absence of both the head and neck, are not amenabL 
to reduction. In these instances a pelvic-support type of osteotomy of the femur is needed 
This particular problem was not encountered in the present series (Fig. 3). 

Femoral torsion, in which the head and neck of the femur are angulated forward to 
the normal position with relation to the coronal plane of the femur, was observed ir 
seventy-one cases. This anomaly, if uncorrected, results in redislocation of the hip, witl 
the head resting in an anterior position. The hip joint is not restored anatomicallj’' unless 
torsion is corrected, and experience has shown that the torsion does not correct itself- 



Fig. 8-A Fig. 8-B 

Roentgenographic appearance of results classified as satisfactory. Posterior dislocation is pre^nt 
bilaterally. The left hip was treated at three and one-half years of age; the right hip was treated at five 
years of age. Treatment in both instances consisted of skeletal traction, followed by correction of 
femoral torsion. Fig. 8-B shows appearance three and one-half years after treatment was begun. 
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Fig. 9-A 


Fig. 9-B 


Hoent 
normal, 
at thiee 
tiaclion 


■renofranhic apiiearance, .‘■even years after beginning of treatment, of ie-.iilts class 
Haln" - nd normal, left. This was a bilateral posterior dislocation a.eatnynt was 

ve.am of age and each hi.) nas treated separately. Treatment consisted of piidimmary 
, ‘followed bv concetion of femoial torsion on both «ide.s. 


ified as 
started 
'kelelal 
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Fig. 10-A Fig. 10-B 

M-66. Bilateral posterior dislocation. Treatment was begun at two and one-half j'ears of age. The 
right hip was treated by skeletal traction, but became redislocated six months later; it was subsequentlv 
treated bj’ acetabular reconstruction and derotational osteotomy. The left hip was treated b^* skeletal 
traction only. . . 

The result was graded as normal bilaterally, eleven years after the begxnnmg of treatment. 


/V'o/-/£»-S'3'7 


f- A'-/80 




Fig. 11-A i » i 

K-180. Bilateral posterior disloca- \ n 
(ion. Treatment was begun at three f /\ 

years of ago. The right hip, treated f , f'. ' . 

first, required skeletal traction only. f ^ 

The left hip was treated by pre- 

liminarj- skeletal traction and do- Fig. 11-B 

rotational osteotomy. 

Results were graded as normal bilaterally, twelve year= after beginning of treatment. 



Fig. F2-A Fig. 12-B 

l-lO. Treatment wa-^ begun at four .vear* of age. The nght hip w;i.s treated by tenotomy of tlie hiji 
aildnctor-, with «kin traetion, followed by open u-durtion and acetaliuLir recon-truction. 
1 he left hip wa-- treatial by tenotomy of tlie hip fle\oi^ and addurtor^, watli ■-keletal traetion and liero- 
tational osteotomy; it Ix'came riKii'-locateil three yrar- later, and wa'- again treiited bv -keh tal traction 
and aia'tabular reemi-tnietion. 

I'.ight yearv after the iH-ginning of treatment, the n'-ult- weir gradixl .as near normal, right, and no.-- 
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TABLE I 


Results in Hips Requiring Acetabular Reconstruction 


Results 

Age at Time of Acetabular Reconstruction 

Total 

1 

Year 

2 

Years 

3 

Years 

4 

Y ears 

5 

Years 

6 to 15 
Years 

Normal -. 

0 

1 

2 

1 

1 

4 

0 

Near normal 

0 

] 

1 

2 

3 

0 

7 

Satisfactoiy 

0 

I 

.5 

6 

1 

3 

16 

Failures* 

1 

1 

2 

2 

1 

1 

S 

Totals 

1 

4 

10 

11 

6 

S 

40 


* In 3 of these cases a secondary acetabular reconstruction was done, with satisfactoiy results. The 
first reconstructions in these patients were done at 1, 4, and 5 j^ears of age; secondaiy reconstructions were 
done at 4, 5, and 8 years of age, respectively. 


Surgical correction b 3 ^ means of femoral osteotomy has been used to compensate for torsion 
sufficient to interfere with the maintenance of stable reduction of the hip (Fig. 4). 

Before treatment, roentgenograms have been taken routinely of the pelvis with both 
femora in neutral position, and with both femora internally rotated. In this manner femoral 
torsion can be demonstrated easil}'’, as shown in Figures 5-A, 5-B, and 5-C. In seventy-one 
hips of the present series, definite femoral torsion was seen; in five no torsion was present; 
two were borderline. A total of sixty-seven derotational osteotomies were done in the 


TABLE II 

Final Result.s after Treatment 


Type of 

Dislocation 

Successful Results 
(92 Per cent.) 

Unsucce.ssful 
Results 
(8 Per cent.) 

Failures 

/ 

✓ 

Totals 

Normal 

Near 

Normal 

Satisfactoiy 

Primary posterior dislocation 

19 

18 

20 

4 

61 

Primary upward lu.xation or sublu.xation . 

7 

4 

4 

2 

17 

Totals 

26 

22 

24 

6 

78 


(33%) 

(28%) 

(31%) 

(S%) 
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Fig. 13-A Fig. I3-B 

X-G2. Bilateral po.sfcrior dislocation. Treatment was begun at three years of age. I5oth hips were 
treated bv preliminarv .skeletal traction, followed by derotational osteotomy. Nine years after treatment 
was liegun, the results were graded as near normal, right, and normal, left. 
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Fig. 14-A 

0-74. Treatment was begun at two years 
of age, and consisted of skeletal traction and 
correction of bilateral torsion. The right hip 
became subluxated five years later, and 
acetabular reconstruction was performed. 

The results were finally graded as normal bilaterally, seven years after the beginning of treatment. 



Fig. 15-A Fig. 1.5-B 


H-241. Patient originally had bilateral 
posterior dislocation. He was treated on the 
right by skeletal traction, open reduction, and 
acetabular reconstruction; on the left, by 
skeletal traction and derotational osteotomy. 
Torsion on the right was purposeh’ not cor- 
rected, to demonstrate that torsion does not 
correct itself. Five years after treatment the 
light hip was redislocatcd anteriorly, and the 
result was classified a failure. The left hip was 
classified as near normal. Since this present 
report was compiled, the patient has been seen 
again. At the present time both hips have 
redislocatcd, resulting in bilateral failure; this 
demonstrates that tho=c ca«es which have not 
tvached normal classification must be fol- 
•O'^d and treated, when indicated. 

This failure will alter the results of treat- 





V. 


t 



Fig. Lo-C 


nicnt bv increasing the number of failures bv one and decreasing the number of m-ar normals 
(Table II). 


bv ^ 


seventy-one hips showing torsion. Five of these osteotomies were done for the .=eeond time, 
hccaiise of incomplete correction of torsion by the first osteotomy. 

After skeletal traction, closed reduction, and plaster immobilization in a position 
of reduction (abduction and internal rotation of the thigh) for three months, torsion is 
corrected by supracondjdar osteotomy of the femur. Plaster fixation is maintained, with 

"" 30 . xo 2. \rniL mis 
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Fig. 16-A Fig. 16-B 


^®Sun at three yeai's of age, consisted of skeletal traction and derotational osteot- 
oiny. ihe result was graded as near normal, twelve years later. Fig. 16-B shows results one and one-half 
yeais after treatment. Fig. 16-C demonstrates improvement of appearance ten years later. 


the upper portion of the femur held in 
internal rotation, incorporating a 
threaded wire through the bone just 
above the osteotomy site, while the knee 
and leg are rotated externally to neutral 
position. This position is held for two 
months longer, to allow the osteotomy to 
heal. 

The effect of failure to correct tor- 
sion has already been reported. It is 
demonstrated in Figures 6-A and 6-B, 
in which torsion was purposely left un- 
corrected after an initial stable reduc- 
tion of the hip, with the result that the head- of the femur became redislocated into an 
anterior position. 

Anomalies of the Capsule 

It has been demonstrated repeatedly, as mentioned by Stewart, that the classic 
hourglass constriction, or invaginated fold of the joint capsule, may be interposed between 
the head of the femur and the acetabular fossa, thereby preventing satisfactory seating 
of the hip joint. After initial reduction, the head of the femur may stand out from the 
acetabular socket; j'^et in many instances, after three months’ immobilization in plaster, 
the femoral head is found to be seated well and reduction is stable. This is probably the 
result of erosion of a capsular fold, or stretching of a partial constriction, which allows 
deeper seating of the joint. 

In other cases it has been observed that, after initial traction sufficient to pull 
the head of the femur down opposite tlie acetabulum, the head can still not be seated into 
the socket sufficienth’’ to maintain reduction. Open reduction of such dislocations after 
preliminary traction has revealed the capsular anomaly, and freciuently the fossa is found 
to be filled with firm, fatty tissue and pannus, which hinder satisfactoiy seating of the 
head. Excision of the obstructing fold of capsule and the fatty tissue filling the acetabulum 
is indicated when the femoral head cannot be seated .sufficiently to effect clinical sfaliilify 

at the time of reduction. 

Tiii^ jot’iiN'My or rovr avd joi\r 
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Fig. 16-C 





Fig. IS-A 


Fig. IS-B 


R-92. Unilateral posterior dislocation. Treatment, begun at two years of age, consisted of skeletal 
traction, acetabular reconstruction, and derotational osteotomy. Result was graded as normal, five 
years later. (Roentgenograms have been reversed.) 


After open reduetion of the hip joint has been completed, the hip, in abduction and 
nternal rotation, is immobilized in plaster-of-Paris for three months. After this, femoral 
:orsion is corrected, if indicated. The plaster extends from the lower margin of the rib 
iage to include the toes on the affected side, and is carried down to the knee on the un- 
treated side. 

A total of twenty-five open reductions, for the purpose of relieving these obstructions 
to stable seating of the hip joint, have been done in this series. 

Anomalies of the Acelabulum 

.Acetabular inadequaey of some degree is encountered in almost every instance of 
congenital dislocation of the hip. If the acetabulum, although shallow, is adccpiatc to 
maintain initial reduction, it may eventually develop to the point where a well-deepened 
socket is formed. Nearly 50 per cent, of the hips studied followed this cour.se. 

In some of the hips treated it has been found that, after preliminary skeletal traction 
sufficient to allow placement of the head of the femur within the acetabulum, the head 
could not bo held there in a stable manner, regardle.-s of the po'ition of the limb. .<uch hips 
are examined by fluoroscope; and. if the head of the femur can be placed into the acetab- 
ulum. .vet in abduction and internal rotation a mild uimard thrust of the femoral shaft 
caU'-es the head to slip out of the socket, operative deepening of the acetabulum i- indi- 
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cated. In these instances, acetabular reconstruction Avas performed during the initiah 
treatment of the hip. I 

If, by fluoroscopic examination, the head of the femur could not be placed into the 
socket and stable reduction be effected, it was felt that open reduction Avas indicated. If, 
after excision of the interposed capsule and joint debris at open reduction, the reduction 
could not be maintained in a stable manner because of an inadequate socket, an acetabular 
reconstruction Avas then carried out. The operative deepening of the acetabulum, carried 
out in this series, has consisted in levering the superior acetabular rim doAAm over the 
femoral head, and backing up this leAmred rim Avith cancellous-bone chips, taken from the 
AAung of the ilium. The reconstruction is done as an extracapsular procedure (Fig. 7). 

After acetabular reconstruction, the hip is immobilized in plaster, in a position of 
abduction and internal rotation, for a period of three months before any further treat- 
ment is carried out. After treatment has been completed in all phases, the plaster is re- 
moved and the hip is loosened up AAotli the aid of physiotherapy. As soon after remoA’-al of 
the plaster as the patient is comfortable, active AA^eight-bearing is begun. Occasional!}'' a 
long thigh brace is applied for tAA’o or three months, if necessary, to protect a supracondylar 
osteotomy AA^hich is uniting sloAAdy. 

A total of forty acetabular reconstructions AA'ere required in this series of cases. Three 
of these AA'ere second reconstructions, the first operation haAung proA'ed inadequate during 


Fig. 19-A 

0-83. Upward lu.\ation, left; postciior 
dislocation, right. Tieatment was begun 
at three 3 ''ears of age. The left hip was 19-B 

tieated by skeletal tiaction, acetabular 

leconsti action, and derotational osteotomy. The right hip was tieated by skeletal tiaction and deiola- 
tional osteotonw at foui j'eais of age. Results Aveie giaded as normal, bilatcialb’-, eight yeuis aftoi 
treatment was begun. 





Fjg. 20-.V Fig. 20-B 


Q-1. Bilateral upward luxation. Treatment was begun at five x-cars of age. The left hip, treated by 
skeletal tiaction and derotational osteotomy, became redislocaterl three months later; it was then 
treated bv skcletal traction and acetabular reconstruction. The right hip was treated by skeletal tiac- 
tio'n acetkbular reconstruction, and derotational osteotomy. Results were graded as normal Inlaferalh , 

six years later. 
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Fig. 22-A Fig. 22-B 

V-6. Bilateral subluxation. Treatment was begun at two years of age. Both hips were treated simul- 
taneously in nide abduction and internal rotation, by immobilization in long leg plaster^, fi.\cd by cro's 
bars. Immobilization was continued for six months, and then derotational osteotomies were done (see 
Fig. 4). Results were graded as near normal, two years later. 


the follow-up period. Three of the reconstructions were for recurrent dislocation to an 
anterior position, and have been termed “anterior buttresses”. The anterior-buttress 
operation is described in INIcCarroll’s report on the treatment of primarj’ anterior disloca- 
tion of the hip. 

In eight of ten hips classified as having primary upward luxation, acetabular recon- 
stmction was required. One of the others will probably require reconstruction before 
treatment is completed. The remaining one is classified as normal after a follow-up of 
nine years; no operative work on the acetabulum is required. Of the seven cases classified 
as subluxation, acetabular reconsti-uction has been required in two. Thirty acetabular 
reconstructions have been required in the sixty-one cases of primary- posterior dislocation. 

The relativelj- high number of acetabular operations among the patients with upward 
luxation is explained by the fact that a notched defect of the .superior acetabular rim is 
constantly present in this tj-pe of hip. and reconstniction is usualh- required before a 
stable reduction can be effected. 

Gill states that acetabular operntion should be delayed until the patient is five vcars 
of age. Such a requirement has not been met in the present series, and the results of 
acetabular operations done before five years of age (Table I) are not such as to contra- 
indicate reconstructions prior to this age. 


RESULTS OF TRE.VT.MENT 

1 lie rc.sults of treatment for this series of seventy-eight cases are analyzed in Table II. 
In Older to compare the results from the method of treatment used in this series with 

VOl. 50. S. VO \ruil. in4<, 
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TABLE III 

Results According to Length of Follow-up 


Results 

1 

Year 

2 

Years 

3 

Years 

4 

Years 

5 

Years 

6 

'^'cars 

7 

Years 

8 

Years 

9 

V^ears 

10 to 15 
Years 

Total 

Normal 

. . 0 

1 

0 

2 

1 

o 

5 

4 

3 

7 

26 

Near normal . . . 

. . 0 

.5 

2 

2 

0 

3 

1 

0 

2 

7 

22 

Satisfactory. . . . 

. . 3 

7 

4 

3 

3 

1 

0 

0 

0 

3 

24 

Failures 

. . 0 

1 

1 

0 

0 

0 

1 

2 

0 

1 

6 

Totals 

. . 3 

14 

7 

7 

4 

7 

7 

6 

n 

IS 

78 


TABLE IV' 

Results from Manipulation or PRELiiMiNARV Traction, 
WITH or without Derotation Osteotomy 



Normal 

Near Normal 

Satisfactory 


Failures 

Total 

No. 

Per cent. 

No. 

Per cent. 

No. Per cent. 

No. 

Per cent. 

Hips 




As the Initial Treatment 




15 

33 

11 

24 

6 14 

13 

29 { 

45 




As the Only Treatment 




15 

45 

11 

33 

6 19 

1 

3 

33 


the results from Gill’s bloodless reduction, the criteria set forth by Gill for classification 
of the results of treatment have been observed critically. The results are graded according 
to the following classification ; 


1, Normal 

This implies normal function of the hip, normal structural restoration of the joint, 
and complete freedom from symptoms (Figs. 6-A, 6-B, 9-A, and 9-B). Patients witli 
normal results are considered cured, and require no further treatment. The qualif 3 dng 
factors for this classification are: 

(a) Normal acetabular structure, either from developmental progress or from surgical 
reconstruction ; 

(b) Normal seating of the hip joint; 

(c) Normal development of the femoral head; 

(d) Normal femoral neck; 

(e) Normal function. 


2. Near Normal 

This group includes those hips in which normal function has been restored, with 
complete freedom from symptoms after full activit 3 ^; but roentgenographically, anatomical 
restoration has not quite reached normal (Figs. 9-A and 9-B). Minimal deficiencies in 
restoration of the acetabulum, head, or neck, and a little less than normal seating of the 
hip joint may be present on roentgenographic examination. Full correction of femoral 
torsion and full clinical stability are required. iMost of the patients in this group are 
improving, and many of the hips arc expected to become normal as the follow-up period 
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ihcreases. Continued observation is required, however, and further treatment may be 
Required in some instanees. One patient required acetabular reconstruction seven years 
ifter initial reduction, and during most of the period of obserA'ation could have been 
dassified as near normal; however, subluxation of the hip appeared after seven years. 
That hip is now graded as near normal. 

1. Satisfactory (Figs. S-A and S-B) 

(a) Anatomical restoration of the acetabulum is deficient by roentgenographie 
jxamination. 

(b) Reduction of the dislocation is maintained, according to roentgenographie 
examination. 

(c) Clinically, the hip is stable. 

(d) Normal function is present, or sufficient function to allow full actmty of the hip. 
ivith relief of sjTnptoms. 

(e) Residual deformities of the head and neck may be present, with roentgenographie 
evidence of mild arthritic changes in the joint. 

In none of those hips treated by preliminary skeletal traction did aseptic necrosis of 
the femoral head dex'elop following reduction. Residual deformity of the head, comparable 
to the flattening and broadening observed in Perthes’ disease, was not observed. Such 
leformities have been observed in some hips, treated prior to 1933' - by bloodless reduetion. 

1. Failures (Figs. 6-A and 6-B) 

(a) Redislocation or subluxation has occurred. 

(b) There is loss of a useful range of motion. 

(c) Clinical instability of the hip is present, with sj-mptoms of pain and fatigue. 

We consider all those hips having a satisfactorj', near normal, or normal classification 

to show successful results from treatment. A total of 92 per cent, were successful, as com- 
pared with 8 per cent, which were total failures (Table II). 

In Table III the results are classified according to length of follow-up period. Obsen-a- 
tion of the increasing number of normal results as the follow-up period increases would 
indicate that this form of management will produce a greater proportion of normal and 
near-normal hips in future evaluations. Table III shows that 23 per cent, of the cases have 
been followed from ten to fifteen years, and that nearly 50 per cent, hax'e been followed 
for six or more years. 

The simplest method used in this series to obtain and maintain initial reduction has 
been the use of manipulation (as defined) or traction, with correction of femoral torsion 
wiien necessary. Those hips treated initially in this manner, and those haxing only this 
form of treatment, are analyzed in Table IV. In the cases in which this method of treat- 
ment failed when used initially, further treatment has been employed to correct other 
abnormalities; and the cases have been reclassified, after treatment was completed, ac- 
cording to the final result from all treatment. 

In the present series, a total of twenty-one hips were treated for recurrent dislocation, 
following initial reduction. In four of the twenty-one, the hips had been treated elsewhere 
by bloodless reduction and the frog position, but redislocation had occurred when the pa- 
tients were seen here for the first time. Of the twenty-one hips treated as recurrences 
after a first attempt at maintaining reduction, in only four has a second rcdislocation oc- 
curred. In three of the four treated for a third time, reduction ha« been maintained in a 
stable manner. 


SVMMAin' A.VD COXCLL'SIOXS 

t'ox ent.x-eicht congenital dislocations of the hip are reported, and the results of treat- 
ment are tabulated. C'la.ssification of the re.^ults lias been particularly critical, tlic criteria 
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set forth by Gill being used as a guide; and an attempt has been made to compare thd' 
relative efficiency of tlie method of management carried out in this Clinic with that ol 
bloodless reduction, characterized by forcible manipulation under anaesthesia and pro\ 
longed immobilization in the frog position. Twenty-two normal and near-normal hips are 
shown in Figures 10-A to 22-B, inclusive. 

In comparing the results of treatment by forcible manipulation and prolonged fixation 
in plaster in the frog position with treatment as carried out in this Clinic, the authors 
believe that the former method is not sound and that its use is not justified in congenital 
dislocation of the hip which can be ti’eated before seven j^ars of age. 

u 
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THE END RESULTS OF EARLY TREATMENT OF CONGENITAL 

DISLOCATION OF THE HIP 


With an Inquiry into the Factors that Determine the Result 

BY a. BRUCE GILL, M.D., PHIL.^DELPHIA, PENNSYLVANIA 

“Congenital dislocation” is not an exact term, inasmuch as it includes not only 
those dislocations Avhich occur before or during birth, but also those which occur after 
birth. Furthermore, it does not include those congenital abnormalities of the hip which 
maj’- never lead to dislocation, but ivhich do prevent the development of a perfect hip 
joint. The factor common to all these conditions is a prenatal defect in the development 
of the structures of the hip, best called “congenital dysplasia of the hip”. 

Five j^ars ago the author read a paper before this Association on the same subject^. 
For this present paper additional cases have been anal 3 '’zed, the former cases have been 
reviewed and brought up to the present date as far as possible, and an attempt has been 
made to discover the factors that determine the end results. The condition known as 
predislocation of the hip has been studied in the author’s cases to learn what i elation it 

has to this subject. 

* Ro.ncl iit the Annual Meeting of The Ainciiean Orthopaedie .^‘-‘•oeiation, Hot Sjjring-, ^ irgini.i, .lime 
30, 1947. 
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GENERAL STATISTICS 


Patients treated . . 

Bilateral dislocations 

Hips treated t 

Female 

Male 

Right hip (singlel 

Left hip (single) 

Bilateral 

Bloodless reductions 

By author 

B\- other surgeons 

Irreducible by manipulation (before four years of age) 

Inoperable (before four years of ago) because of evtreme deformities 
Reducible by manipulation 
Open operations 

Following bloodless reduction by author 
Following bloodless reduction by other surgeons 
Without histon,’ of preceding reduction 


78 35 per cent. 
21 65 per cent. 
41 00 per cent. 
59 00 per cent. 
26 9 per cent. 


289 

78 

367 


193 

51 

33 (13 75 per cent.) 
14 ( 5 S3 per cent.) 
SO 42 per cent. 

63 

36 

92 


END RESULTS OF BLOODLESS REDUCTION 


One hundred and five cases have been selected for study. The dislocations were all 
reduced by the author, and the cases were followed for a sufficient length of time to 
determine the end results tabulated here. The cases discarded from this study were judged 
to have been under observation for an insufficient length of time, even though the dis- 
locations were considered to be satisfactorily reduced when the patients were last seen. 
In a number of the discarded cases, the patients were last recorded as “cured and dis- 
charged”. The end results recorded here should be studied in conjunction with those 
presented in a preceding paperL Furthermore, in order to avoid reprinting of illustrations. 
iHerence will be made to some of the illustration® used in previous publications. 


Number of hips treated by reduction 

Open operation subsequent to reduction 
Without subsequent operation 

End results in bins treated by reduction without subsequent operation 

Perfect 17 (16 19 per cent, of 105 hips) 

Excellent 11 (10 48 per cent, of 105 hip=l 

Satisfactory 1.5 (14 29 per cent of 105 bip^) 

Failures . 10 

.53 


105 

52 

53 


1 he total number of failures was sixty-two, or 59.05 per cent of 105 liips. 

The designation perfect means perfect function and perfect anatomy. Excellent means 
perfect function and almost perfect anatomy (Fig. 9-E in preceding paper^). Satisfactory 
means perfect function in spite of evident defects in anatomy, such as oblicpiity of the 
acetabular roof, flattening of the head, or moderate protrusion of the head beyond the 
acetabular roof; but without an upward migration of the head, which is the evidence of 
^ s^nhluxation. Perfect function means the absence of all symptoms: fatigue, pain, limp, 
positive Trendelenburg sign. Failure means recurrence of luxation or subluxation. 

The perfect hips have been under observation for the following lengths of time: one 
for three years; one for six years; two for seven years (bilateral) : three for eight year.s; two 
for nine years (bilateral) : two for ten years (bilateral) ; one for thirteen years (bilateral.- - 
one perfect, one a failure); two for fourteen years; one for fifteen years: one for eighteen 
.^ears (bilatcr.al. — one perfect, one a failure): and one for thirtv-one vears (bilateral. — one 
perfect, one a failure). 

it M.\n\ hips are not included in thc'C group® becaU'C of m®ufRcient or non-avadable record'. 
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Fig. 1-A Pjg. 1-B 

H. T., a man, aged forty-two years (July 24, 1944), witli subluxation of left hip. Patient had 
a bloodless reduction when two years old; has had increasing pain, fatigue, and disability during the 
past ten years. Negative Trendelenburg sign. {Reyroduced, by permission of Thomas Nelson and Sons, 
from Nelson Loose-Leaf Surgery, 1946.) 

Fig. 1-B: July 23, 1945, one year after shelf (buttress) operation, complete relief from symptoms had 
occurred. {Reproduced, by permission of Thomas Nelson and Sons, from Nelson Loose-Leaf Surgery, 
1946.) 



Fig. 1-C Fig. 2 

Fig. 1-C: July 23, 1945 Showing fieedom of abduction. (Reproduced, by permission of Thomas Sehon 
and Sons, from Nelson Loose-Leaf Surgery, 1946.) 

Fig. 2: D. S., a giil August 8, 1946, seven ycais after reduction of bilatcial dislocation (Foi histoiy 
see Figs. 18-A, 18-B, 18-C, 18-D, and 18-EM 


The time required after reduction for a hip to become perfect has varied great^L 
Restoration of normal anatomy may be evident as early as three years, or it ma}^ be 
delaj'^ed until the age of pubert3L (See Figs. 17-A to 18-E, 4-A to 4-E, and 6-A to G-E in 
preceding paper®.) 

The excellent hips have been under observation for the following periods of time: one 
for three 3"ears (shows eveiy indication of becoming perfect); two for four 3^ears; one lor 
eight 3'^ears; one for nine 3"ears: three for ten 3'’ears; two for eleven 3^eai-s; and one toi' 
eighteen 3"ears. Eight of these eleven hips ma3’’ almost be included in the classification of 
perfect. There is such slight departure from normal anatom3\ it seems improbable that 
any S3"mptoms would ever arise. Furthermore, it has been obsen’ed that some hip^ which 
earlier had been classified as e.xcellent eventuall3’’ became perfect. One of the ea^e> iiiifier 
observation for ten 3'ears had become almost perfect three 3"ears after reduction, ulieii a 
true Le«'"'-Perthes disease developed which ruined the perfection of the hip (rig- l!)-\ 
and 19-B®). The two cases which were under observation for four y-eais cannot vet be 
classed as perfect, because insufficient time has passed. 
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Fig. 3-A Fig. 3-B 

Fig ^A: E. W., a girl, aged one year and eleven montlis (Januarj- 27, 1944). Patient had predisloca- 
tion of left hip and dislocation of right hip. The dislocation was reduced by manipulation. {Reproducedy 
by permissjon oj Thomas Nelson and Sms, from Nelson Loose-Leaf Surgery, 1946 ) 

Fig. 3-B; February 2, 1943, one j'ear after bloodless reduetion of right hip. Xote the rapid develop- 
ment of acetabular roof and moderate dysplasia of epiphysis. (Reproduced, by permissim of Thomas 
nelson and Sms, from Nelson Loose-Leaf Surgery, 1946.) 


If eight of the excellent cases were added to the seventeen proved perfect ones, the 
percentage of successful end results would be 23.81. If all eleven were added, the per- 
centage would be 26.67. 

It is, of course, possible that some of the fifteen satisfactory cases maj^ become ex- 
cellent or perfect, but these results have not been proved. It may safely be stated that, if 
a hip has not become excellent or perfect at pubert 3 % it should be classed as a failure. If 
obliquity of the acetabular roof has not been corrected at this time, sj^mptoms will develop 
In later years, because of instability and because of a chronic traumatic arthritis which 
is due to the anatomical abnormalities of the structures of the hip joint. 

It is of interest to note the time after reduction at which the fifty'-two operations 
"ere done because of luxation or subluxation: twelve, one j'ear after reduction; nine, 
tno years; nine, three years; three, four jmars; five, five j'ears; two, six j'ears; two, seven 
years; two, eight j'ears; and eight, eleven to twenty' j'ears after reduction. This indicates 
that redislocation occurs most frequentty during the first three j'ears after reduction. 
Mature completelj' lacked the power to resume the delaj'ed or interrupted normal growth 
of the hip in these cases. In manj' of the patients operated upon in the later j'ears, Nature 
"as able to accomplish partial restoration of the hip to a varj'ing degree, but the power 
of growth was never sufficient to produce a perfect hip. Eight patients were sj'mptom- 
ree for from eleven to twenty' j'ears (Figs. 14-A through 14-E^). The author operated 
upon one patient, not included in these cases, who had a subluxation and was free of 
symptoms for thirty' j'ears after reduction (Figs. l-.A, 1-B, and 1-C). 

hether a hip becomes perfect after reduction, whether there is a varj'ing degree of 
giowth short of the perfect, or whether there is complete failure in the resumption of 

( e\eIopment seems to depend upon some innate power of growth in the structures of the 
nip. 

N inety'-nine hips, of patients who.-,e ages were recorded, have been tabulated, to 

MOW tie relation between the age of the patient at the time of reduction and the end 
re.Milt (Table I). 

Of twentjMwo hip, in wliich re luction wa, carried out during the fir.,t and second 

perfect and 45.45 per cent, were failures. Oi thirtv- 
iierfeetT reduction was done during tlie third year of life. 21.05 per cent, became 

.(4 per cent, were failure-. Tliere i- a negligible difference in the percentage- 
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{Reproduced, bj' permission of Thomas Nelson and jTjq 4.]^ 

Sons, from Nelson Loose-Leaf Surgery, 1946.) 

Fifr. 4-B: December 3, 1P45. Hip lias become normal in seven months. {Reproduced, hij permission of 
Thomas Nelson and Sons, from Nelson Loose-Leaf Surgery, 1946.) 

tabulated in the first tivo columns. Approximatel 3 '- 35 per cent, of hips treated bj’- reduction 
during the first three .^mars of life ma^^ be expected to become perfect or excellent. After 
the third jmar, however, there is a marked decrease in the percentage of successful reduc- 
tions and a marked increase in the failures. The end of the third j’^ear marks a distinct 
turning point. To this limited extent onlj'- do these statistics lend support to the common 
opinion that the earlier a dislocation can be reduced, the better will be the end result. 
Successful reductions can be accomplished even after the child is four j'^ears of age. 


TABLE I 

Helation of End Results to Age of Patient at Reduction 



Under 2 Years 

Third Year 

Fourth Year 

Over 4 3’ear.s 

N^o. of 

1 

No. 

Per cent. 

No. 

Per cent. 

No. 

Per cent. 

No. 

Per cent . 

Hips 

Perfect 

5 

22 73 

8 

21 05 

2 

10 53 

2 

1 

10 

17 

Excellent 

3 

13 64 

5 

13 16 

2 

10 53 

1 

5 

11 

Siitisfiictoi'v 

4 

18 18 

8 

21 05 



1 

5 

13 

Failure' 

10 

45 45 

17 

44 74 

15 

78 95 

16 

80 

58 

Totals 

22 

38 

1!) 

20 

9!) 

Perfect and 










excellent j 

8 

36 37 

13 

34 21 

4 

21 06 

3 

15 




It is generallj^ conceived that the importance of the time factor — that is, the age of 
the child at the time of reduction — is due to the secondaiw pathological changes which 
occur in the anatomj' of the hip after dislocation has occurred and which become more 
mai'ked as time jiasses. It ma\" be observed, however, that hips which become dislocated 
as late as the walking age maj^ be more amenable to successful reduction than tho.se which 
were dislocated at the time of birth or before. The age of the patient ma.v not be the same 
as the age of the dislocation and, therefore, maj’’ not be a definite criterion of the sccondaiy 
pathological changes in the hip; nor is it necessarily' true that the age of the dislocation 
measures the degree and the imporlnnce of the anatomical changes. Otherwise, all hips of 
the .'^ame age should be similar in the ea.se of their reduction and in their renewal of growth 
after reduction. .Actually, this is far from the fact. 
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Fig. 5-A 


Fig. .5-A: J. T., a boy, aged two and one-half 
months (.June 5, 1942), nith predislocation of right 
hip. Xote ab'ence of calcification of femoral heads. 
{Reproduced, by permi'<iion of Thomas Xel^on and 
Sons, from Xehon Loo^e-Leaf Surgery, IGfS.) 

Fig. 5-B: .June 21, 194.3, one year after beginning 
of treatment by abduction, the acetabulum i": ttefl 
developed. The epipht-sis is just appearing, at 
fifteen month.^ of age, and is smaller than that of 
the opposite hip. (Reproduced, by permi^^ion of 
Thomas Xehon and .Sons, from Xehon Loo^e-Leaf 
Surgery, 19 ',6.) 

Fig. .5-C: October 17, 1944. The acetabulum is 
not yet perfect. Marked aplasia of femora' head is 
present. {Reproduced, by permts^^ion of TbomO' Xel- 
son and Son^, from Xelion Loo^^e-Leaf Suraery, 

mft.) 

Fig. 5-D: .January- 3, 1947, four and one-half 
years after treatment v\as begun, acetabulum is 
normal. Right femoral head =till shows some degree 
of aplasia. 



Fig. 5-D Fig. .5-E 

Fig 5-E: .Juno 13, 1947, five years after treatment was begun Hip is almost normal, bur the femoral 
head is slightly smaller than normal and protrudes moderately beyond the margin of the acetabulum. 
This case illustrates delayed growth of both acetabulum and femoral head in a ca-e of predislocation. 


If one considers that, in d.vsplasia of the hip, the acetabidar development i.s weak and 
'Ipfective before dislocation occurs, one can understand that the length of time during 
"Inch the head remains out of the socket may have an important bearing on restimption 
of growth of the acetabular roof. In other words, prolonged interruption of growth, 
occasioned by the absence of normal conjugation of the femur and the pelvis, may so 
"eaken or destroy the natural growth process that it cannot effectively be restored. This 
conception of the time factor may be much more important than is the relation of this 
factor to the development of specific secondary pathological alterations in anatomy. 
One-third of the hips in which reduction is performed in the fin-t three year.- of life 
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become fully or almost normal; two-thirds do not. Some factor, more important than the 
time factor, is present in the determination of the end results of reduction. This is to b( * 
found in the form and the degree of the congenital dysplasia, which is caused by a retarda- 
tion or by an interruption of normal growth processes. This is well illustrated in Figure's 
17-A through 18-E®. In Case 17 a unilateral dislocation was reduced when the child was 
three months of age. The femoral epiphyses were visible (smaller in the dislocated femur) 
at this early age. After reduction, growth was resumed at a rapid rate. At the end of eight 
months (Fig. 17-C) the hip was almost perfect, and at the end of three years (Fig. 17-D) 
it was completely normal in anatomy and function. 

One might conclude that early reduction of the dislocation was the chief factor in the 
perfect result, but, in contrast, the case illustrated in Figures 18-A to 18-E shows bilateral 
dislocations which were not reduced until the child was eighteen months of age. Calcifica- 
tion of the femoral epiphyses was completely absent; the bony acetabula were poorly 
developed; and there was marked version of the femoral necks. Inspection of the roentgeno- 
grams might cause one to think that a perfect result could never be obtained. However, 
the subsequent films, made after reduction, show a resumption and rapid continuation of 
growth, which resulted in the development of perfect hips. The final result is shown in 
Figure 2 in this paper. The resumption and rapid continuation of growth in a dislocated 
hip, in which reduction was not obtained until the child was two years of age, is illustrated 
in Figures 3-A and 3-B. 

These three cases, in which the dislocations were reduced at three months, eighteen 
months, and twenty-four months of age, respectively, in all of which the hips were perfect 
within three j'^ears after reduction, indicate that some innate power of growth which has 
survived delay or interruption is of much greater importance than the time factor in the 
production of a perfect hip. The other “perfect” hips in this same age group required a 
longer time, even to the age of puberty, to reach perfection; and, in two-thirds of the hips 
reduced within the same age period, the results were failures. 

A study of predislocation of the hip is of particular value in an observation of the in-’^ 
trinsic and the relative importance of the two factors which determine the end result, — 
namely, the age at which treatment is begun and the residual and continuing power of 
normal growth processes. 

Inasmuch as 94 per cent, of predislocations may be treated satisfactorily by abduc- 
tion*^, it would seem at first glance that the time factor is of prime importance in the healing 
of congenital dysplasia of the hip. This matter will bear analysis, however. 

At some time during either embryonal or foetal life, something happens that dela 3 's 
or alters normal morphogenesis of' the hip. This etiological factor, whether it be genetic 
(hereditary) or mechanical, or due to a constitutional or physiological condition of the 
mother (for it seems possible that in different instances there may be different etiological 
factors), may exert a very slight or a very profound influence upon the morphological 
development of the structures of the hip joint. Abundant clinical evidence is available to 
indicate that man}'' gradations exist between these two extremes. It is generally believed 
that the severe deformities arise during embryological or early foetal life, because of 


interruption, distortion, or cessation of normal growth processes. There is some evidence 
to indicate that the mild deformities maj’- originate during later foetal life, after a normal 
morphogenesis has been established and is well advanced. It is well known that growing 
structures rnay readily be affected by adverse extrinsic conditions, such as mechanical 
forces and nutritional and biochemical deficiencies, and may suffer retardation and even 
structural change. Upon restoration of normal conditions, the growth process maj' con- 


tinue in the natural way, to produce perfect structures. 

If we can reasonabh' conceive that growth of the hip has been only mildl}' retarded, 
we can understand why. in many cases of pre-dislocation and some cases of frank dislo- 
cation. rapid and complete recovery may occur under favorable circumstances. If the 


Tin; jouR-N'Ai. or iiont; antj joi.vt sertonty 



EARLY TREATMENT OF CONGENITAL DISLOCATION OF THE HIP 


449 



Fig. 6-A Fig. 6-B 

J. P., a girl, aged four years (December S, 1944). Dislocation of left hip and .small, shallow, 
deformed acetabulum are present. Note the acetabulum which is an evtension upward of the primary 
one. with small conical, incompletely calcified head and deformed neck. Two attempts at bloodless 
T' attempt two years earlier by another surgeon had failed.) The dislocation was re- 

duced Februarj- 2, 1945, bv open operation. {Reproduced, by permission of Thomas Kelson and Sons, from 
A elion Loose-Leaf Surgery, 19.', 6.) 

October 12, 1945, eight montlis after open operation, the dislocation remained reduced. The 
acetabular roof is developing. (Reproduced, by permission of Thomas Kelson and Sons, from Kelson Loo^e- 
Len; .surgery, 1946.) jo . 


power ot growth is more feeble, possibly due to a more prolonged delay or to some con- 
stitutional factor, then we can also understand whj’ recovery is more prolonged or why it 
never becomes complete. The influence of a constitutional factor is illustrated in Case IS®. 
That there is a difference in the rate of recovery after the reduction of dislocations was 
noted in the early part of this paper and was demonstrated in the paper published in 1943. 

ml a similar difference may occur in predislocations is evident from a study of Figures 
4-A to 5-E, inclusive, in this paper. Incomplete recovery is apparent in those cases which 

me been called satisfactory after reduction and in which a perfect acetabular roof did 
not develop. 

Tlie predislocations probably constitute the largest number of that group in which 
le damage to the growth process has been slightest, and in which full recovery occurs, 
not onl} with a minimum of treatment, but even spontaneously. Scaglietti is of the opinion 
at dysplasia of the hip is always bilateral in the newborn; that spontaneous healing of 
piedislocation occurs frequenth', even beginning during the foetal period; and that spon- 
taneous healing of congenital dislocation may be much more frequent than has been dem- 
onstiated to date. If his opinion that dysplasia is always bilateral is correct, it must follow 
. in cases of unilateral dislocation, there has been a spontaneous healing of the dysplasia 
e opposite hip. The author has observed this condition in a number of his patients, 
lat he has not seen it in all cases may possibly be due to the fact that spontaneous healing 
lac occuued before the child was first examined. 

tliat * statements in regard to predislocations are correct, it would appear possible 
doer factor has much less influence upon the recovery of predislocations than it 

i^oe.s in dislocations. It may be that the high percentage of recovery in predislocations is 

? ' early treatment, but to the fact that the patients have suffered the least degree 
of prenatal damage. 

f. oYidence, therefore, seems to the author to show that the chief and essential 

the determine the end result in dysplasia of the hip are the nature and degree of 

procc"^'-"' of normal morphogenesis, and the ability or inability of the growth 

''' fo overcome, under favorable conditions, the primary damage. The time factor 
importance in that, by early adequate treatment, a normal mechanical stimulation i- 
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Fig. 7-A 



K. T., a gii'l. May 14, 1932. Marked congenital 
di'formities were present at birth: bilateral dislo- 
cation of hips, delect of right femur, and defoi mi- 
lies of hands and feet. 


provided for growth; but it is of no avail in the production of a “perfect” hip unless the 
primary factors are favorable to this end. 

PRIMARY FACTORS THAT DETERMINE THE END RESULTS OF TREATMENT 
IN CONGENITAL DYSPLASI.A. OP THE HIP JOINT 

Perfect and excellent end results can be obtained only in the predislocations and ^ii 
those dislocations which can be reduced bloodless!}'’, because within these groups are tliose 
hips which have suffered the least primaiy damage and have the greatest residual power 
of growth. This statement does not mean that all predislocations and all dislocations 
amenable to bloodless reduction become perfect. It does mean, however, that, if open 
reduction must be done, the structural changes in the hip ai-e of such a nature that a 
perfect hip cannot develop. 

This broad assertion is based on the author’s observations in the thirty-three cases 
(13.75 per cent.) in which the hips were operated upon before four years of age because they 
were irreducible by manipulation. No record of a “perfect ’’end result appears among them, 
although stability was obtained b}’^ operation in most of them and a useful amount of 
motion was achieved in many. These thirty-three operations, and the fifty-two which were 
performed because of failure of bloodless reduction, in the selected group of cases discussed 
in this paper and the many others tabulated, revealed the defects which make the develop- 
ment of a perfect hip impossible. Excluded from discussion are the 6 per cent, born with 
irremediable dislocations (see General Statistics) and the many old irreducible dislocations 
with marked secondaiy pathologieal deformities, in which the primary pathological con- 
dition could not be determined. 

In a general way, the hips that require open reduction present the more serious de- 
fects. The thirty hips that were operated upon within three years after bloodless reduction 
had less marked defects, although some of them were of the same nature as those in the 
first group. The twenty-two cases in which operations had been performed from four to 
twenty years after reduction, which had been classed as satisfactoiy during these }'ears, 
presented, for the most part, only the least serious defect,— namefy, pensistent nplu'^ia of 
the acetabular roof, accompanied in a few ca.ses by aplasia of the femoral head. 
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j Let it be undei-stood that the author does not deny, but, on the contrary, strongly 
afiirms that satisfactory and even perfect functional results may be obtained by operative 
procedures for the correction of these A'arious deformities of the hip-~®. The degree of 
improvement varies inversely with the degree of deformity, and even those with perfect 
function show some degree of anatomical imperfection (Figs. 12-A to 15-B. inclusive^). 

Dysplasia, or probably better, aplasia of the acetabular roof is common to all pre- 
dislocations and dislocations. If it is not associated with other structural defects of the 
hip joint, it offers the least obstacle to the production of a perfect hip. It appears to con- 
stitute the least departure from the normal morphogenesis of the hip. Under favorable 
mechanical conditions, Nature is able to develop a normal acetabulum quickly in most 
cases of predislocation, and more slowly in that smaller percentage of the cases of disloca- 
tion that achieve perfection. In addition, this defect of the hip, if it persists, is more easily 
and satisfactorily remedied by operative procedure than is anj* other defect. (See illus- 
trations of shelf or buttress operation in Type I dislocations-'®.) 

Aplasia of the femoral head is manifested by delayed, irregular, or incomplete calcifi- 
cation, as seen in the roentgenogi'ams. This condition was formerly, but erroneously, 
called Legg-Perthes disease, even by the author in some of his earlier papers. It can be 
observed in practically all cases of predislocation and dislocation. (See illustrations ® and 
Figs. 4-A to 5-E, inclusive.) Nature may correct this condition early or late during the 
growth of the hip, as the acetabulum becomes perfect. The cotyloid and the epiphyseal 
growth appear to proceed pari passu. An unusual condition is illustrated in Figures 9-A. 
9-B, and Q-CL The bilateral dislocations were reduced bloodlessly when the child was 
seventeen months of age. The acetabula thereafter showed evidence of rapid grou-th that 
promised normal development, but the femoral heads showed no growth. At the end of 
five years the neck and head of each femur consisted of a round knoblike mass of bone, 
which lay beneath a fairly well-developed acetabular roof. This case indicates that 
d;(splasia of the head may occur independently and prevent the formation of a perfect 
hip. Possibly in this case dj^splasia of the head and of the femoral neck are bound together 
inseparably. 

If the final result is a deformed socket, the head, if it remains within it, is similarly 
deformed. It has been noted bj- the author and by many other observers that the liga- 
mentum teres, which carries a blood supply to the gi’owing head, is frequenth" absent. 
Possibly its absence can account for the more marked cases of epiphyseal dysplasia, but 
it cannot explain the fact that all dislocations present the same d 3 'splasia and that the 
dislocation becomes corrected as the acetabular dj'splasia is corrected. 

The opinion has been prevalent, and it still persists, that this aplasia of the head is 
due to excessive violence in manipulation during reduction. I do not denj' that a soft head 
niay be injured bj-- such violence, and I even go as far as to prevent weight-bearing in cases 
of prolonged dj'splasia (as in the treatment of true Legg-Perthes disease) ; but I cannot 
consider that this condition, which is a defect common to all dislocations both before and 
after reduction, is an evidence of excessive violence. 

The more severe deformities of the structures of the hip joint, which prevent complete 
bloodle.ss reduction and which, in the author’s opinion, render the development of a per- 
) feet hip impossible, have often been enumerated. Thex' consist chiefl\' of inequalitj* in the 

of the acetabulum and the head, deformities of the head, capsular constrictions, 
shortness of the neck, and, of great importance, high insertion of the capsule on the femur. 

These pathological conditions and the surgical procedures adapted to their improve- 
ment have been described--’. During the thirteen j'ears subsequent to the last of these 
publications, the author has been impre.ssed with the rclativch- high frequenev of Tvpe 
(short neck and high attachment of the capsule) in children under four j'cars of age who 
were operateil upon because bloodless reduction was found to be impossible (Figs. (h.V 
and h-Bl. W bile the operations described for these different conditions are verv efficacious 
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in giving stability to the hip and in improving its function, yet not a single record shoy? 
the production of a "perfect” hip when any of the severe deformities were present. \ 

Anteversion of the neck and superior dislocation (erroneouslj'- called “anterior disloc'a 
tion”) merit special discussion because of a difference of opinion as regards their natiin 
and importance. 

Many, if not all, dislocations present some degree of anteversion, although it is not 
always easy to prove this in the early roentgenograms. It has been the author’s experience, 
as previously stated, that, if the dislocation can be reduced and the reduction maintained 
(fixation of the extremity in the position of internal rotation may be necessary in the more 
marked cases of anteversion), the normal growth processes in the reduced hip gradually 
bring about a correction of anteversion (Figs. 18-A to 18-E^ and Fig. 2). More marked 
degrees of this condition may'’ be found to accompany the serious deformities which make 
bloodless reduction impossible. This is particularly'’ true in Type V (shortening of the 
femoral neck) (Figs. 6-A and 6-B). The shortening and the version are probably both due 
to the same pathological process. A rotation osteotomy'^ will not serve to cure a dislocation, 
if other conditions are present to prevent it. Several cases have been seen in which one and 
even two osteotomies had been performed, with a final result of incurable dislocation. If 
primarily corhplete reduction was obtained in these hips, and if a rotation osteotomy of 
the shaft of the femur produces a complete and permanent compensatoiy correction of the 
anteversion of the neck, then some other condition must have caused the redislocation. 
Possibly the redislocation occurred because of a persistent aplasia of the acetabulum, the 
defect which can most easily^ and satisfactorily be corrected if taken in time; possibly it was 
due to one or more of the more serious deformities enumerated in a preceding paragraph. 
It is the author’s opinion that the surgeon should not place his sole reliance on a compensa- 
tory rotation osteotomy of the femur, if defects other than anteversion are present in the 
hip; and, also, that other serious defects usually, if not alway’’s, accompany'’ marked ante- 
version. A number of other orthopaedic surgeons do not agree with this opinion, and only 
continued observation by all will reveal the truth. 

^‘Anterior” Congenital Dislocation of the Hip 

It is accepted in surgical literature that, in an anterior dislocation of the hip, the liead 
of the femur rests upon the anterior plane of the innominate bone, and in a posterior dislo- 
cation it rests upon the posterior plane. Nelaton’s line marks the- ridge or apex between 
these two planes b In the congenital dislocations in question, the head of the femur lies 
below the anterior superior spine of the ilium, on the ridge between the two planes. It 
cannot slip forward upon the anterior plane and become a pubic dislocation, because ol 
the firm attachment of the tensor fasciae femoris to the margin of the ilium, in the notch 
between the superior and inferior spines; and it never lies medial to the fascial plane be- 
tween the tensor and the sartorius muscles. This type should be called a “superior” dis- 
location, because the head of the femur is directly above the center of the acetabulum in 
the weight-bearing position and it lies fully on neither plane of the pelvis. This condition 
is frequently' accompanied by' marked anteversion of the neck, which causes the head to 
become more prominent on the anterior aspect of the pelvis. Internal rotation of the femur 
may' make the prominence of the head less apparent. I do not know why' the head oi tin 
femur occupies this position. I am inclined to believe that morphologically this is a triu 
posterior dislocation; that the head has emerged from the acetabulum in the weak spot oi 
the cotvloid rim between the pubes and the ilium (in many roentgenograms one can obscrvi 
a groove in this position) ; that the upward migration of tlie head is deflected by the sti-aigiit 
head of the rectus femoris and by' the main limb of the strong iliofemoral ligament, 
attached to the anterior inferior spine of the ilium; and that it thence pursues its upward 
course on the ilium in a position immediately posterior to its anterior margin, aiul comes 
to rest eventually beneath the anterior superior spine or slightly posterior to it. 
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I This “superior’ ’ dislocation of the hip presents well-recopiiized difficulties in reduction 
and maintenance of reduction, owing chiefly to the marked aplasia of the cotjdoid rim and 
/he marked deformity of the neck. In my experience, open reduction, with the construction 
mf an efficient acetabular roof by a properly performed shelf or buttress operation, is the 
only effective means of treatment. These hips can never become “perfect”. 

Finally, appioximately 6 per cent, of all dislocations present such severe deformities 
that reduction by manipulation or open operation is impossible (Figs. 7-Aand 7-B). Only 
some method of palliative operation may be available to reduce the amount of disability 
at a later time. 

COXCLUSIOXS 

1. Approximately' 25 per cent, of dislocated hips may be expected to become perfect 
or excellent after bloodless reduction. This percentage is increased to 35 in hips in which 
the dislocation is reduced during the first three years of life. 

2. Another 15 per cent, of hips may be expected to become functionally satisfactory 
for a varying number of years, with the understanding that eventually symiptoms of 
fatigue, pain, and limp may arise. This percentage is increased to 20 when the dislocation 
has been reduced before the end of the third y'ear. 

3. Failure (subluxation or recurrence of complete dislocation) may' be expected in 60 
per cent, of all primarily' reducible dislocations, and in 45 per cent, of those reduced in the 
first three y’ears. 

4. The form and the degi-ee of the dy'splasia of the various structures of the hip joint 
nhich is present at birth, and the ability' or inability' of resumption and continuation of 
normal growth after reduction, are the essential factors that determine the end result. 

0 . The time factor (age of the child at time of reduction) is of secondary' influence, 
inasmuch as the end results are better in hips in which the reduction was carried out 
(luring the first three y'ears of life than in those reduced after this age. It is not this factor, 
hoi^ever, which determines the result in the large group of hips in which reduction was 
achieved early. The high percentage of cures resulting from the treatment of predislocation 
seems to prove the great importance of the time factor; but this is open to question, be- 
cause many' cases of predislocation are cured spontaneously' or by' minimal treatment. 

6. The “perfect ” end results are to be found only' among those cases that are amenable 
to bloodless reduction. If open operation is necessary' for reduction, one can alway's observe 
the presence of one or more of those structural deformities that make the dex'elopment of a 
perfect hip impossible. Of marked importance and frequency' among these are the de- 
formities of the neck of the femur and a high capsular attachment. 

7. Various operatix'e procedures are of great value to restore stability' of the hip and 
to improve its function. Complete restoration of normal function and a close approach to 
normal anatomy' may' be obtained by' a timely', wisely' selected, and properly' executed 
operation in cases of prolonged acetabular aplasia, unaccompanied by' other, more serious 
deformities 
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THE KESULTS OF TREATMENT OF CONGENITAL DISLOCATION OF TIL. 

HIP IN INFANCY* 


BY FREDERIC C. DOST, M.D., HELEN HAGEY, M.D., EDAVIN R. SCHOTTSTAEDT, M.D., AND LOREX 

J. LARSEN, M.D., SAN FRANCISCO, CALIFORNIA 

Fro?n the Shriners' Hospital for Crippled Children, San Francisco Unit, The Hospital for Women and Chddrev, 
and The Franklin Hospital, San Francisco; and the Division of Surgery, Depart- 
ment of Orthopaedic Surgery, University of California Medical School 

The normal development of the hip is dependent upon an intimate relation between 
the acetabulum and the head of the femur. In congenital dislocation of the hip, this re- 
lation is disturbed until the dislocation has been reduced. Long ago, Putti emphasized 
the importance of the early diagnosis and immediate reduction of the dislocated hip. 
Clinical e.xperience, hoAvever, offers no definite assurance that early reduction aaTI in- 
variably bring about normal hip function. This review AA'^as undertaken for the purpose 
of exposing the reasons for the imperfect results among patients aaRo had received treat- 
ment in early life for congenital dislocation of the hip. 

The folloAAong analysis of the results of treatment of congenital dysplasia and of 
congenital dislocation of the hip is based upon a study of 112 such disorders, Avhich oc- 
curred in eighty-six patients, upon AA'hom treatment AA^as commenced Avithin the first 
three years of life. This analj'-sis cannot be termed a study of the end results of treatment; 
rather it is a report of the early results, covering a period of from one to thirteen years 
after the commencement of treatment. The patients revieiA^ed Avere unselected, and con- 
stitute all of those knoAvn to have been treated in tAVo institutions and a private practic'' 
during a period of tAA^enty-three years and one of fifteen years, respectively. 

The accuracy of a report concerning the results of treatment is enhanced by the 
number of years during A\''hich the patient has been observed. A few of the infants re- 
ported have been obserA'-ed for only one or tA\m years;' but, in the age group covered by 
this report, even this short period AA’-as considered sufficient to indicate the trend of de- 
velopment of the hip joints. .HoAv^eA'^er, the majority of the patients haA^e been observed 
for from four to thirteen years folloAAong the treatment. 

Throughout this report, the simple terminologj^ for hip disorders suggested by .Hart 
has been used. The types of disorders haA'-e, therefore, been designated either as dysplasia 
or as dislocation of the hip. The first term applies to those hips uffiich lack normal de- 
velopment of the roof of the acetabulum, and the second designates those hips in AAffiich 
dysplasia is found in conjunction Avith some outAvard or upAvard displacement of the 
head of the femur. Such a simple classification seems entirely adequate to e.xpress the 
Amrious degrees of displacement about the hip joint. No case of arthrogryposis has been 
included. 

A revieAv of the results obtained by treatment Avould be incomplete AAothout some 
mention of the t 3 ’’pe of treatment employed. The patients included in this analysis were 
treated bj" a number of surgeons, and, therefore, the type of treatment has Availed con- 
siderabljx In general, hoAA’ever, the treatment of the past consisted of closed reduction 
bj^ the method of Denuc6. When the closed reduction or reductions failed, an open reduc- 
tion AA'ith or AA'ithout reconstruction of the shelf of the acetabulum, Avas emploj^ed. In 
recent years, the original manipulation has been preceded by traction upon the extremity 
until the femoral head approached the leA''el of the hip joint. The traction and abduc- 
tion method of Putti, as modified by Coonse (Fig. 1-A), has usually been cmployal for 

* Read at the Annual Meeting of The American Orthopaedic As.sociation, Hot Springs, Virginia, Jitr^ 
30, 1947. 
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Fig. 1-A Fig. 1-B: Same child on a Ponseti bar. 


lis purpose. Followung traction, the head of the femur was simply rotated into the posi- 
on in which it was most stable; although, in some instances, a poore formal manipu- 
ition was also employed. An osteotomy to rotate the femur was used fifteen times upon 
lie patients in this age group. 

'\\Tien plaster casts were used for fixation, the average period of such treatment was 
ine months. In the past two and one-half j'ears the abduction bar described by Ponseti 
Fig. 1-B) has been substituted for the plaster cast, approximately five months after 
'duction of the dislocated hip, for all patients observed vithin the first year of life and 
or many of those observed within the second 3 'ear of life. Where some formal method 
4 reduction was used, the treatment required a period of hospitalization. Treatment 
rith the Ponseti bar, however, has been carried out bj- the parents at home. Some pa- 
tents from the ages of one and one-half to three j'ears have been treated for a short period 
n the hospital bj^ traction on the Coonse frame, until reduction of the displacement had 
)een effected. Immediatelj' thereafter the Ponseti bar was substituted, so that a long 
leriod in the hospital was not necessarj'. 

The authors’ experiences do not permit definite conclusions concerning the age limits 
rithin which the Ponseti bar is effective; but when it has been emploj'ed in patients 
mder the age of one and one-half j'ears, no failures in effecting satisfactorj- reduction 
)f the dislocation of the hip have resulted. 

The abduction bar offers manj' advantages, in addition to elimination of the hospital 
itaj'. Among these is the complete mobilitj- of the hip. permitted bj- the bar. Further- 
nore, the children have been taken out of the bar for one hour dailj' for the purpose of 
lathing and for unfettered exercise. While wearing the bar. the patients maj- crawl, climb, 
ind stand. One disadvantage of the abduction bar is the forced position of genu valgum 
■vhich follows wide abduction of the legs, but this has proved transient, as evidenced 
ii.v the absence of permanent deformitj- of the knees after final removal of the bar. 

METHOD OF .VXXLISIS 

.A review of the literature indicates a lack of uniformitj- in the methods used to re- 
cord the re^ults of treatment for congenital dislocation of the hip. It is. therefore, diffi- 
cult to make comparisons of the results reported in the medical literature. In 1941. Pev- 
crir reported an end-result studj- in which he used a clear and concise method of expres-- 
imi both the anatomical and the functional remits which occurred after the treatment of 
congenital di-location of the hip. In the opinion of the author.-, when the effects of treat- 
Nou. .xe.v. No 2. Arnn. i^iv 
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ment are to be reported, the classification of Severin, as modified by Ponseti, is worthy d)t 
general adoption. \ 

These classifications of the anatomical and the functional results, which have beeb 
adopted for the present report, are as follows: 


Anatomical Results {Severin) 


Group I 
Group II 

Group III 
Group IV 
Group V 

Group VI 


Normal hips; 

Moderate deformity of the femoral head or neck or acetabulum, but oth- 
erwise normal conditions in the joint; 

Dysplastic hips without subluxation ; 

Subluxation; 

The head articulating with a secondary acetabulum in the upper part 
of the original acetabulum; 

Redislocation. 


Functional Results (Ponseti) 

Group I No symptoms; 

Group II Slight pain in the hip on excessive walking; 

Group III Limp, free motion, and no pain; 

Group IV Limp and limitation of motion, but no pain; 

Group V Limp and pain; 

Group VI Limp, limitation of motion, and pain. 

The term “subluxation,” used bj'- Severin to designate Group IV, is not particularly 
objectionable since, b3'' its placement in the classification, it is obviouslj’^ used to describe 
moderate degrees of outward, or outAvard and upward, dislocation of the head of the 
femur. The authors of the present report have ventured to add a Group I-A to Ponseti’s 
classification of the functional results, in order to include a previously unseparated number 
of patients Avho show slight restriction of motion, even though they have no symptoms 
to suggest that the hip joint is imperfect. 

Roentgenography is the sole means bj’’ Avhich the anatomical condition of the hip 
may be judged. The interpretation of the roentgenograms should include specific in- 
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TABLE I 

Con'gexitai, Hip Disorders Observed ix Eighty-six Patiexts 


Age at Reduction 

Dysplasia 

Unilateral Bilateral 

Dislocation 
Unilateral Bilateral 

1 

i Total Cases 

first year 

4 

0 1 

0 

■t ! 

17 

iecond year 

7 

0 1 

39 

12 

oS 

Third year 

1 

0 

22 

14 

37 

Totals 

12 

0 

70 

30 

112 


[ormation concerning both the acetabulum and the head and neck of the femur, as well as 
their relation to one another. The measurements of Hilgenreiner, as reported bj' Severin, 
satisfy these requirements, and they have been used in the interpretation of the roent- 
genograms which were surveyed in this study. In this measurement (Fig. 2) the transverse 
or Y line extends between the tips of the ilia at the region of the triradiate cartilage. 
The slope of the acetabulum is measured from the tip of the ilium to the upper and outer 
portion of the acetabulum. The angle between the line marking the roof of the acetabulum 
and the Y line has been aptly designated by IQeinberg and Lieberman as the “acetabular 
index ” (Fig. 2) . A third line, drawn perpendicularh' from the Y line to the highest point 
of the upper femoral diaphysis, permits the measurement of the distance of the femoral 
diaphysis either downward or upward from the Y" line, and also its distance outward from 
the tip of the ilium at the base of the acetabulum. The measurement of Perkins (Fig. 3), 
which is a perpendicular line from the upper and outer border of the acetabulum to the Y 
line, is also helpful in indicating the position of the head of the femur. 

The Y coordinate for the hip joint has also been recorded upon the roentgenograms 
reviewed in this study. This is the measurement from the line of gravity of the body, as 
represented bj’’ a longitudinal line through the mid-sacrum, to the center of the head of 
the femur. Attention has been directed to the importance of this measurement by Ponseti, 
in his analysis of the results after the shelf operation for congenital dislocation of the hip. 
He observed a direct relation between an abnormal separation of the center of motion of 
the hip joint from the line of gravity and a poor functional result. 

The authors have made numerous unsuccessful attempts to find an accurate method 
for recording the anteversion of the neck of the femur, and have also recorded various 
other measurements which have not proved helpful in this analysis. 

The interpretation of measurements made upon the roentgenograms may be both 
difficult and misleading. If comparisons are to be made, a standard technique must be 
employed and the roentgen tube must be well centered over the pelvis, which has been 

TABLE II 

Position of Head or Femur in Reference to Y Line 



First Year 
{Centimeters) 

Second Year 
(Centimeters) 

Third Year 
(Centiineters) 

Vnilatcral di.docation 




(Average level! 




Normal hip 

-0.6 

-0.52 

-0.-45 

Dislocated hip 

-0.23 

+0.55 

+1.0 

.tver-.igo displacement 

0 37 

1.07 

1.15 

Bilatenrl dislocation 

+0.55 

+0.93 

+1.1 
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TAIiLE III 


Mi;a.siiri:aii;nt.s or “Nohmal” Acktahui^a in Patients w'ith Unilateral Dislocation 



High 

Low 

-Average 


{Degrees) 

{Degrees) 

(Degrees) 

First, j'car 

27.5 

15 

23.6 

(10 hips) 




Second year 

26 

9 

20 

(40 liips) 




Tliird year 

24 

9 

18.5 

(10 hips) 





placed in a symmetrical position with the knees together and the patellae uppermost. 
When any doubt exists concerning the hip joint, the roentgenograms should be repeated at 
intervals. While the mathematical accuracy of the interpretation of the roentgenograms 
may be open to question, nevertheless the comparison of the two hips and of roentgeno- 
grams taken in series provides relative accuracy upon which a judgment may be based. 

The evaluation of the functional results has either been based upon a personal examina- 
tion by one of the authors, or has been taken from the records of the other orthopaedic 
surgeons who examined the patient. 


ANALYSIS 


Age of Patients at Time of Treatment 

Of the 112 disorders of the hip which were reviewed in this analysis, seventeen or 15 
percent, were in patients treated under the age of one year; fifty-eight or 52 per cent, in the 
second year of life; and thirty-seven or 33 per cent, in the third year of life (Table I).' 
The ages at which the diagnosis of dysplasia or dislocation of the hip was established 
range from eight days to thirty months. The records indicate that treatment of the dislo- 
cation was often not considered of an urgent nature, as evidenced b}”- its postponement for 
a number of months after diagnosis. An indication of the increased awareness of dislocation 
of the hip is the fact that, in recent years, a greater number of infants have been referred 
for treatment. In this group of patients the urgency of the treatment has been thoroughly 
recognized. 


TABLE IV 


Acetabular Index in 112 Hips * 


Age Group in which 
Treatment Was 
Started 

1 

No. of Months Required for Acetabular Index 
to Reach 27.5 Degrees or Less 

Cases in which Ace- 
tabular Index Did not 
Reach 27.5 Degrees at 
Last Examination 

Moi‘0 

than 

6 9 12 15 18 24 30 36 36 

Observed Observed 
Less than More than 

36 months 36 months 

First year 

Second year 

Third year 

4 2 5 1 2 

3 10** 2 2 5 3 2 3t 

3 2 3 2 6 

2 0 

14 12 

4 17 


* In three hips the acetabular index \v:is less than 27.5 degrees at start. 
*■* One followed operation. t Two followed operation. 


THE JOURNAL or HONE A.ND JOINT .SUROERV 





CONGENITAL DISLOCATION OF THE HIP 


459 


TABLE V 

Developjiext of Acetabulum and Femoral Head Followtxg the Treatment 
OF Congenital Hip Disorders 


Type of Treatment 

Xo. of Cases 

Acetabular Inde.x 
Remaining above 
27.5 Degrees 

Aseptic Necrosis 

bduction frame 

32 

6 

4 

'raction and manipulation 

13 

9 

7 

lanipulation without traction 

31 

7 

23 

;emanipulation 

8 

7 

6 

lultiple manipulations 
(three or more) 

3 

2 

2 

•pen reductions Math or ■without shelf 
operation 

21 

16 

16 

helf operation onl}’ 

2 

2 

1 

<0 treatment 

2 

0 

0 


^7/pes of Displacement 

Dislocation occurred in 100 instances; in fifteen patients it was bilateral (thirty 
lips). There was a definite relation between the degree of displacement of the hip and the 
ige of the patient, as shown in Table II. 

Dysplasia without dislocation of the head of the femur was present in twelve hips; in 
ileven of these, it was accompanied by dislocation of the opposite hip. In this series, the 
ibsence of other instances of dysplasia, either unilateral or bilateral, is difficult to explain, 
^articularlj’- since a careful search of the records has been made. The apparent discrepancy 
between this stud 3 ’^ and other reports maj' lie in the fact that the authors have considered 
3ven a moderate degree of displacement of the head of the femur as constituting a disloca- 
ion of the hip, rather than a d 3 ’’splasia ivith sublu.xation. Nevertheless, the authors feel 
;hat adequate justification for using the simple classification of Hart lies in the fact that 
there was rarely agreement between them or among several roentgenologists as to whether 
1 particular roentgenogram showed d 3 '^splasia with subluxation or dislocation of the hip. 

Development of the Hip Joint as Revealed by Roentgenograms 

The interpretation of the roentgenograms ma 3 ’’ furnish onl 3 ' relative, and not abso- 
lute, information concerning the hip joint. Roentgenograms taken with the lower e.x- 
tremities externall 3 " rotated and abducted and with the pelvis rotated backward present 
an entirel 3 " different acetabular index than those taken with the e.xtremities together and 
the patellae uppermost. In roentgenograph!', therefore, a uniform method must be adopted, 
if comparison is to be made of the measurements of the anatomical relations of the hip 
joint. 

a. The Acetabular Index 

It is difficult to make an 3 ’ definite statement concerning the normal mea.^urements 
of the acetabular index at various ages. Kleinberg and Licberman reported that an acetab- 
ular angle of 27.5 degrees was normal for newborn infants. The 3 ' also found an aver- 
age angle of 20 degrees in their stud}’ of the roentgenograms of infants between one and 
two years of age. Measurements of a small number of normal hips, made In’ the autliors. 
show a great variation of the acetabular index for infants in the first three 3 ’cars. These 
measurements ranged from a low of 12 degrees in a bab}’ of four months to a high of 
2S degrees in a child of one year. Further, in a review of the literature, no information 
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Fig. 4-A Fig. 4-B 


Fig. 4-A; J. A. Unilateral dislocation in infant, aged si.v months. 

Fig. 4-B; At age of eighteen months, after twelve months on Ponseti bar, differences between the 
acetabular index and the Y coordinate are much less. 



could be found pertaining either to the 
rate or to the degree of descent of the 
acetabular index for each year of life. 

In the dysplasias and dislocations 
reviewed in this i-eport, the acetabular 
index of the abnormal hip varied from 
27.5 to 55 degrees. Most of the hip 
joints, however, showed an acetabular 
index measuring from 30 to 40 degrees 
at the time of the first examination. For 
the patients who had unilateral dislo- 
cation, without dysplasia of the opposite 
hip, the measurements of the so-called 
“normal” acetabulum are shown in 
Table III. 

In the present analysis, 27.5 de- 
grees was selected arbitrarily as a fair 
estimate of the upper limit of the normal 
acetabular index in infancy. The time 
required for the acetabular index to 
reach 27.5 degrees or less was recorded 
for each of the hips in this series. As indicated in Table IV, in fifty-one hips (45.5 per cent.) 
the acetabular index dropped to 27.5 degrees within a period of three years, while nine hips 
(8 per cent.) required more than three years to reach that limit. In twenty-nine hips (25.9 
per cent.) which were observed for a period of from three to thirteen years, the acetabular 
index failed to drop to the angle of 27.5 degrees. In twenty hips (17.9 per cent.) the index 
had not dropped to 27.5 degrees at the time of the last examination. These patients were 
observed for a period of from one to just under three years. In three hips (2.7 per cent.) a 
dislocation occurred, even though the acetabular index was at all times le.ss than 27.5 

The time required for the descent of the acetabular roof (Figs. 4-A, 4-B, and 4-C) is 
of interest when viewed in relation to the age at which treatment of the di.slocation was 
bevun. Of the patients treated within the first ^’■ear of life, all but two showed de.secnt of i he 
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Fig. 4-C 

At age of thirty months, after twenty-three months 
on a Ponseti bar. The Y coordinates arc now equal 
and the left acetabular index is within normal limits. 
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TABLE Y1 

Differen'ce between Y Coordinate of Dislocated and Normal Hip 


f 

Treatment Started 

No 

Difference 

Less than 

0.5 Centimeter 

0.5 to 1.0 
Centimeter 

Over 1.0 
Centimeter 

Total Cases 

First year 

4 

6 


1 * 

11 

Second year 

7 

12 

15 

4 

3S 

Third year 

3 

5 

3 

11 

- 22 

Totals 

14 

23 

IS 

16 

71 


* After operation. 


acetabular index within a period of eighteen months. These two patients had been observed 
for only one year, at the end of which the acetabular index had not j'et reached 27.5 de- 
grees. In those patients treated during the second and the third years, the descent of the 
acetabular index appeared more gradual than during the first year, and, in nearlj' one-half 
of the patients, never dropped as low as 27.5 degrees. A survej’' of the fifty-one hips showing 
a drop to 27.5 degrees or less within three years revealed that many approached the 
acetabular index of the normal, undislocated hip, but that onty six actualh^ reached that 
acetabular index. 

In an attempt to determine the response of the acetabulum to the various types of 
treatment, the hips under review were segregated, according to the method of reduction 
which had been employed (Table V). The roof of the acetabulum failed to drop to 27.5 
degrees in thirteen (20 per cent.) of the sixty-three hips which were treated either b 3 ' 
abduction or b}’’ a single manipulation. The same failure was noted in nine (70 per cent.) 
of thirteen hips which were subjected to traction and manipulation, and in twenty-seven 
(80 per cent.) of thirty-four hips in which operation or repeated manipulations were 
required to bring about a reduction. These data might easity be misinterpreted, since 
the traction, the remanipulations, and the operations were usualty emploj'ed in the older 
patients, or in those upon whom the simple methods had failed. Moreover, the simple 


TABLE vn 


Y Coordinate of Final Roentgenogram in Cases of Bilateral Dislocation 


Age at 
Beginning of 
Treatment 
(Months) 

Right Hip 


Left Hip 


Difference 

(Centimeters) 

Y Coordinate 
(Cenlimelprs) 

Group 

Y Coordinate 
! (Centimeters) 

Group 

29 

8 3 

V 

\ 

7 8 

V 

0.5 

33 

9 3 

II 

9 9 

II 

0 6 

24 

9 0 

IV 

7 1 

IV 

1.9 

32 

6 7 

I-A 

6 4 

I-A 

0 3 

15 

7 9 

I-A 

9 3 

I-A 

1 4 

19 

5 9 

I 

6 5 

I-A 

0 G 

3 

5 0 

I 


I 

0 

34 

7 5 

IV 

8 5 

IV 

1 0 

29 

S 4 

IV 

1 5 9 

IV 

2 5 

24 

8 4 

I-A 

1 7 8 

I-V 

0 6 

6 

5 7 

I 

o 7 

I 

0 

24 


VI 

9 5 

VI 

1 0 

30 

9 0 

IV 

1 " o 

IV 

1 5 

24 

5 6 

I 

5 G 

I 

0 

30 

6 0 

I 

1 G 0 

I 

, 0 

1 
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TABLE Vlir 


Difference between Y Coordinate of Dislocated and Normal Hip 


I 

Functional Results 

No Difference 

Less than 

0.5 Centimeter 

0.5 to 1.0 
Centimeter 

Over 1.0 
Centimeter 

Total Cases 

Group I 

No symptoms 

12 

21 

15 

0 

48 

Group I-A 

Slight limitation of mo- 
tion; no symptoms 

1 

0 

1 

4 

6 

Group 11 

Slight pain 

0 

0 

0 

0 

0 

Group III 

Limp, free motion, and no 
pain 

0 

2 

2 

3 

7 

Group IV 

Limp, limitation of mo- 
tion, but no pain 

1 

0 

0 

8 

9 

Group V 

Limp and pain 

0 

0 

0 

0 

0 

Group VI 

Limp, limitation of mo- 
tion, and pain 

0 

0 

0 

1 

1 

Totals 

14 

23 

18 

16 

71 


methods were more commonl}'- applied to the jmunger patients with the least deformitj^, 
and, therefore, those in whom the acetabulum was in a more plastic state. Nevertheless, 
it may be concluded that the development of the acetabulum Avas the greatest in those 
patients upon AA^hom the least traumatic methods AA'ere employed. ' 

b. The F Coordinate 

The Y coordinate Avas measured on all of the earliest and on all of the latest roent- 
genograms of the hips included in the studjL In the earliest films, this measurement AA^as 
helpful in determining the amount of displacement of the head of the femur. When the 
head of the femur had not yet ossified, the distance Avas measured from the mid-li ne to 
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Fig. 5-A ^ 

Fig 5-A: Child aged three years; one year after operation. The left femoral hentl 

"^Fig S-B^^At^ge of nine and one-half years; a rotation osteotomy ha.s been done, 
head is still not well seated. 


is not we 
The left 


11 seated 
femoral 
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TABLE IX 


Anatomical Results in Relation to Age at Which Treatjient Was Started 


-Anatomical Results 

First Year 

Second Year 

Third Year 



(Severin’s 

Classification) 

Dislo- 
Dysplasia cation 

Dislo- 

Dysplasia cation 

Dislo- 

Dysplasia cation 

Total 

Per cent. 

Group I 

Xonnal hips 

2* S 

3 7 


20 

17.9 

Group II 

Moderate deformity of 
head, neck, or acetab- 
ulum, but otherwise 
normal 

2 4 

4 20 

12 

42 

37.5 

Group III 

Dysplastic hips with- 
out suhluxation 


; IS 

1** 10 

1 

1 

1 29 

25.9 

iroup IV 

Subluxation 


1 

1 2 

1 

i 3 

2.6 

Iroup V 

Head articulating with 
secondarj’ acetabulum 
in upper part of origi- 
nal acetabulum 


1 

! 

i 

1 

11 

i 

1 

14 

12.5 

Iroup 

Redislocation 

1 

i 

2 

4 

3.6 

'otals 

4 13 



112 

100.0 


*One case was untreated. 

, **This case was untreated. 


he highest point o n the diaphvsis of each femur , ^^^lenever ossifieation of the head 
)f the femur tvas apparent, the measurement was made in the usual manner. Out ward d is- 
ilacement of the head of the fem ur, which in creases the Y coordinate, ma t' b e caus ed by 
1 th ickening of the bo ny floor of the ace tab ulum , by soft ti ssues interp os ed between the 
iceta bulum and the head of the f em ur, bv a mal adaptat ion bet ween the siz e of the head of 
he femur and of the acetabulum, or by an enlargement of the head of the femur (Figs. 
5-.\ and 5-B). 

From the final films of the seventy-one unilateral dislocations, in which the opposite 
liip was normal, measurements of the Y coordinate were made for the three age groups 
[Table VI). The measurements indicate that the institution of treatment in early life has 
im important effect upon the adaptation of the femur to the acetabulum. 

Of the fifteen patients who had bilateral dislocation of the hip, the Y coordinate was 
rarely the same for each hip (Table ^TI). In the eleven dysplastic hips the Y coordinate 
'vas, of course, always less than that of the dislocated hip on the opposite side. In the 
!^cvonty-one cases of unilateral dislocation, the Y coordinate was also compared with the 
functional result (Table VUI). 

With one exception, all of the patients with an increase in the Y coordinate of less 
than one centimeter had good functional results. The exception was a boy whose hip 
had been treated unsuccessfully by an open reduction before he was twelve months old. 
lleduction was achieved by a closed manipulation, but thereafter the hip remained ijuite 
stiff. In four patients of Group III, the Y coordinate showed an increase of less than 
one centimeter as compared with the normal side. Re-examination of tliese patients 
showed that they had good functional results, in spite of the elongation of the Y coordi- 
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table X 

Anatomical Results in Relation to Method of Treatment 


Anatomical 

Results 

(Severin’s 

Classification) 

Abduc- 

tion 

Frame 

Traction 

and 

Manipu- 

lation 

Manipu- 

lation 

Remanip- 

ulation 

Multiple 
Manipula- 
tions * 

Open Reduc- 
tion with 
or without 
Shelf 
Operation 

Shelf 

Opera- 

tion 

Only 

No 

Treat- 

ment 

Total 

Group I 

12 

1 

6 





1 

20 

Group II 

IS 

6 

12 

3 

1 

2 



42 

Group III 

2 

4 

9 

3 

1 

8 

1 

1 

29 

Group IV 


1 

1 



1 



3 

Group V 


1 

3 

1 

1 

7 

1 


14 

Group VI 




1 


3 



4 

Totals 

32 

13 

31 

8 

3 

21 

2 

2 

112 


* Three or more manipulations. 

nate. Among the hips with an increase in the Y coordinate of over one centimeter are 
four which can be classified in Group I-A; the others are in the groupings which designate 
imperfect function of the hip. In the bilateral dislocations (Table VII), the Y coordinate 
was determined for each hip. With one exception, where the Y coordinate was less than 
seven centimeters, all -of the hips which were measured were placed in functional Groups 
I, II, or III. The one exception rvas the unstable hip in which the Y coordinate measured 


Table xi 

The Functional Results in Relation to Age at Which Treatment Was Started 


Functional Results 
(Ponseti’s Classifica- 
tion, Modified) 

First Year 

Second Year 

Third Year 

Dislo- 
Dysplasia cation 

Dislo- 
D 3 'splasia cation 

Dislo- 
Dj'splasia cation 

Group I 




No symptoms 

4* 12 

7 34 

1* 10 

Group I-A 




No symptoms; slight 




limitation of motion . . 


9 

4 

Group II 




Slight pain in the hip 




on excessive walking . . 



2 

Group III 




Limp, free motion, and 




no pain 


2 

5 

Group IV 




Limp and limitation of 




motion, but no pain . . . 

J ♦* 

4 

12 

Group V 




Limp and pain 



2 

Group VI 




Limp, limitation of 




motion, and pain 


2 

1 

Totals 

mmM 

7 51 

1 36 


Total 


68 


17 

2 


112 


Per cent. 


60.7 


13 11.6 


1.8 


6.3 

15.2 

1 S 

2 6 


100 0 


*One case was untreated. 

**Operated upon elsewhere at S months of age. 
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TABLE XU 

Functional Results in Relation to Method of Treatment 


Open Reduc- 

Traction tion with SheK 

Functional Results Abduc- and Multiple or without Opera- Ko 

(Ponseti’s Classification, tion Manipu- Manipu- Remanip- Manipula- Shelf tion Treat- 

Modifiedl Frame lation lation ulation tions* Operation Onlv ment Total 


Group 1 32 9 IS 2 1 4 2 68 

Group I-A 3 5 2 1 1 1 13 

Group II 2 2 

Group III 1 2 4 7 

Group IV 15 11 S 1 17 

Group V ‘ 2 

Group VI 1 2 3 


Totals 32 13 31 S 3 21 2 2 112 


*Thrce or more manipulations. 

5.9 centimeters. On the other hand, where the Y coordinate was otmr seven centimeters, 
most of the hips were placed in functional Groups IV, Y, or VI. Two patients were placed 
in Group I-A in spite of Y coordinates of over seven centimeters. Both of these patients 
had moderate stiffness, which ma}" explain the stability of the hips in question. One of 
the patients, with a Y coordinate of 9.3 centimeters on one side and 9.9 centimeters on the 
other side, was placed in Group II; and perhaps this rating is open to some question. In 
some of the patients with bilateral dislocation of the hip, it was noted that, in spite of a 
considerable difference in the measurements of the two hips, the functional results were 
Imported as similar. It was not possible to re-examine all of these patients. 

c. The Head of the Femur 

In the jmunger patients, a delaj’’ in the ossification of the head of the femur Avas 
invariably present. This delaj" in development continued over a period of two or three 
years. In most instances, irregularities in the ossification and in the shape of the head of 
the femur appeared throughout the period of observation. Some of these irregularities 
were apparently caused by pressure from the impingement of the head of the femur against 
the rim of the acetabulum. 

The development of the size and shape of the head of the femur was followed with 
interest. In the roentgenograms of some of the hips, the head of the femur appeared too 


TABLE XIII 

.■\n.atomical Results Compared with Functio.n.al Results 



Functional Results 

.\natoniical 

1 

Group 

Group 

Group 

Group 

Group 

Group 

Group 

Results 

i ^ 

I-A 

II 

III 

IV 

V 

VI 

Group I 

1 

1 






Group 11 

34 

3 

2 

2 

1 



Group III 

1.5 

S 


2 

3 


I 

Group IV 


1 


1 

1 

10 


Group V 




I 

2 

1 

1 

Grouii VI . 

1 



1 

2 
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large for the acetabulum. A great number became somewhat oval in shape or flattened), 
rather than assuming the characteristic spherical contour of the head of the normal femurl 

d. Aseptic Necrosis 

Aseptic necrosis was observed during or after the course of treatment in fifty-nine 
hips, or 52 per cent, of the total series (Table V). Of this number, the distribution, accord- 
ing to the age at which treatment was started, was as follows: 


Aseptic Necrosis 

No. of Cases (No.) (Per Cent.) 

l^irst 17 2 12 

Second 58 34 59 

Third 37 23 62 


The relation of the type of treatment to aseptic necrosis is noted in Table V. This indicate 
that aseptic necrosis developed in only 12 per cent, of the hips treated b}'’ abduction, 
whereas the incidence of aseptic necrosis was 54 per cent, and 74 per cent., respective! j’’, 
in the hips that required reduction by traction and manipulation or by manipulation 
alone. Undoubtedly, the age of the patient at the time of treatment also had an important 
bearing upon the incidence of aseptic necrosis, since the least traumatic methods were 
used in the younger infants. 


Results 

Anatomical Results 

With the exception of the one hip in which a redislocation occurred, all of the hips in 
which treatment was started within the first year are placed in Groups I and II (Table 
IX). In the second year, approximately one-half of the hips are in these groups, while 
dysplasia of the acetabulum (Group III) occurs frequently. No hips in which treatment 
was delayed until the third year appear in Group I; only one-third of the hips appear irf 
Group II, and the other two-thirds are distributed, — about half in Group III and the 
rest in those groups which designate a poor anatomical result. 

It is well known that deterioration in the anatomical results may be expected with 
increasing age. This fact must be considered in the interpretation of the results noted 
in this report, since many of the patients have been observed for a short period only and 
few of them have reached the fourteenth year. 

The anatomical results have also been tabulated with respect to the type of treat- 
ment employed (Table X) ; it may be seen that the majority of the hips treated by simple 
methods appear in Groups I, II, and III. The age of the patient, of course, has influenced 
the method used in effecting reduction of the hip. 

Functional Results 

Seventy-four per cent, of the 112 hips were placed in Groups I, II, and III, which 
represent hips showing excellent function. With the one exception noted previously, the 
hips of all patients in whom treatment was started in the first jmar appear in Group I 
(Table XI). Most of the hips treated in the second year responded favorably to treatment. 
Less than half of the patients treated in the third year are in the group of good i-esults. 

The functional results (Table XII) Avere also compared with the method of treat- 
ment which had been used. The greatest number of good functional results appeared 
among those who had received treatment of the least traumatic types. Practically all of 
the poor functional results occurred in those hips which had required either repeated 
manipulations or reduction by operation. 

Comparison of Anatomical and Functional Results 

Table XIII shows that all of the hips with normal anatomical ratings have excellent 
function, and that most of the hips with moderate anatomical deformity show excellent 
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functional results. It is also noteivorthy that, among the dysplastic hips which were fol- 
lowed throughout the years of childhood, there was little or no disturbance of function. 
As might be expected, the poor functional results were in those hips which showed the 
greatest deviations from normal anatomical growth and development. 

COMilENT 

The authors do not wish to present any positive conclusions from the statistical 
analysis given here, but an attempt has been made to interpret the data included in this 
study. It is unfortunate that all of the patients could not have been examined by the 
authors, and that none could be followed into adult life. Nevertheless, it is to be hoped 
that some useful deductions may be drawn from this analysis. 

The case histories indicate that both signs and symptoms of dysplasia and of dis- 
location of the hip were usually present, and were often recognized by the parents and 
the physician long before the diagnosis was established. These signs and sjTnptoms were: 
the flexed and externally rotated hip, the increased thigh folds, the apparent shortening 
of the thigh, the "clicking” hip, the prominence of the trochanter and the head of the 
femur, the limitation of abduction, and the limp. The records also show that the impor- 
tance of treating the dislocation or dysplasia is still not properly appreciated by members 
of the medical profession. In the present series, the absence of patients with simple 
dysplasia of the hip serves to emphasize the need for a more careful examination of the 
infant. Many such patients must have been overlooked and, while it is known that some 
dysplasias and dislocations undergo spontaneous recovery, it is certain that many such 
hips fail to develop normally. 

The increased amount of displacement of the dislocated hip with each successive year 
of infancy lends support to the present theories concerning postnatal dislocation of the hip. 
^ The difficulties attendant upon the interpretation of roentgenograms of the hip in 
thfc'-infant have been mentioned. These difficulties call for the adoption of standards for 
making the roentgen exposures, and for the collection of further information in reference 
to the growth and development of the infant hip joint. 

In this study, the measurement of the roof appeared to be a reliable index of the 
growth of the acetabulum. After reduction of the dislocation, or in dj'splasia, a wide 
abduction of the femur was followed by growth of the roof of the acetabulum. This is 
probably due to removal of the pressure of the femur from the rim of the acetabulum, as 
well as to the restoration of the normal pressure of the head of the femur in the hip joint. 
Prom a study of the hips in this series, there seems little doubt concerning the effect of 
reduction of the head of the femur in early infancy. Both the rate and the amount of 
growth of the acetabulum appear favored by a reduction performed in early life, before 
the occurrence of overgrowth and maldevelopment of the hip. tVith the advance of each 
year of infancy, the chance of securing a normal hip appears proportionately decreased. 

^Icasurement of the Y coordinate gave definite information in relation to both the 
diagnosis and the effects of treatment of congenital dislocation of the hip. In the unilateral 
dislocations, an increased Y coordinate indicated that anatomical maldevelopment was 
present. In the measurements of the final roentgenograms, it was noticed that the Y 
coordinate approached the normal much more frequently in the hips having early treat- 
ment than in those in whicii the treatment had been delayed. .Vs in Pon^eti's study, a 
vathor definite correlation was found between the Y coordinate for the hip and the function 
of the hip. In the unilateral dislocations, an increase of one centimeter over the normal 
gave rise to a disturbance of function. In the bilateral dislocations in this series, a Y 
coordinate greater than seven centimeters usually denoted a hip with poor function. 
1 he results of a maladaptation between the acetabulum and the head of the femur were 
evidenced by changes in the shape and size of the head of the femur. .V number of the 
change^ in the shape wore the result of aseptic necrosis. 
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The present analysis indicates that both the postponement of treatment and the 
trauma at the time of reduction of the hip influence the incidence of aseptic necrosis^ 
of the head of the femur. The influence of the age of the patient upon the anatomical and 
functional results is seen throughout this analysis. The earliest treatment brought about 
the best growth and development of the hip and, therefore, was followed by the best 
functional results. Also, as mentioned previously, the simple, atraumatic methods may be 
emplojmd with success in the treatment of young infants, thereby eliminating the com- 
plications which may follow the trauma of forced or repeated manipulations and the 
treatment by operation. 

In the final analysis, it is apparent that age is the most important factor influencing 
the results of treatment of congenital dislocation of the hip. 


SUMMARY 

1. The standards of Severin and Ponseti have been used in an evaluation of the 
anatomical and functional results of treatment in 112 cases of dj’^splasia and dislocation 
of the hip. 

2., Excellent or nearly excellent anatomical results were obtained in 55.4 per cent.; 
and 60.7 per cent, of the functional results were excellent. Deterioration with age would 
not be expected in this group. The best results were noted when the treatment used was 
the least traumatic. 

3. Good anatomical results were produced by treatment in infancy in 81.3 per cent., 
and good functional results in 80.4 per cent., of the hips examined. The temporary nature 
of these results is not disputed, since all of the patients were less than fourteen years of age 
when the ratings were made. 

4. The development of the acetabulum progressed slowly, indicating a probable need 
for longer periods of fixation after reduction of the hip. Delay in reduction of dislocations 
causes increasing maldevelopment of the hip, due in part to a thickening of the acetabular 
floor coincident with an increase in the Y coordinate. These factors are of importance rn 
treatment and prognosis. 

5. There is a direct relation between the early institution of treatment and the good 
results reported. 

6. Even with an early diagnosis and an early application of treatment, the results 
of the treatment of congenital dislocation of the hip in infancy are far from perfect. Great 
effort must, therefore, be directed toward both earlier recognition of the dislocation and 
improvement of the present methods of treatment. 
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ONE CHANGES IN THE CAT IN EXPERIMENTALLY PRODUCED INJURY 
TO THE PERIPHERAL NER^'ES * 


BY MAURICE A. SCHILLER, M.D., CHICAGO, ILLINOIS 

From the Department of Nervons and ^[ental Diseases, Northwestern University 
Medical School, Chicago 


S. Weir Mitchell quoted the findings of Packard, in 1863 , on arthropathies of the foot 
nd knee, following compression of the sciatic nenm bj' a tumor. Since that time, a num- 
ler of cases of neuropathies of the bones and joints have been reported, following peri- 
heral-nerve injurj’' and disease. Mitchell described a case in which extensive joint lesions 
eveloped after an injurj' to the brachial plexus, due to a dislocation of the shoulder. 

The earlier reports dealt chiefly with simple atrophy of bone, which was attributed 
0 disease and to changes in the joints. Among reports of atrophy of bone were the cases 
een by Blum, Ogle, and Amozan; these are mentioned by Bowlby, who, however, had not 
een such cases himself and concluded that the3’' were rare. H ir sch described a case of 
trophy of the bone, resulting from injury to the median nerve. Goldscheider mentioned 
. case of atrophj’' of the bones of the hand, following disease of the ulnar nerve. A number 
if cases were described by Maliwa and b3’^ Lehmann. 

Mitchell stated further that wounds or an3’- lesions of nerves ma3' produce inflammator3’’ 
londitions in the joints, usually subacute, which so precisel3^ resemble rheumatic arthritis 
n their symptoms and results that no clinical skill can discri mi nate between the two. 
Arthritic changes were referred to b3' McArdle, who described them as occurring when a 
lerve trunk was pierced, rubbed, or lacerated, but not when a peripheral nerve was 
severed, unless the nerve ends became bulbous or were caught in healing tissue. The opin- 
ion of that day was well expressed b3’' Turne3’, who stated: “It is fairl3' certain that di- 
vision of a nen'e per se does not produce changes in the bone, except in so far as it causes 
paral3’-sis. It is the partial di^^sion of nen^es resulting in prolonged irritation that is the 
effective cause, and this, as we have seen, ma3’’ be brought about b3^ interference in any 
part of the reflex arc.” With some intuition he said: “Had .v-ra3's been available Weir 
Mitchell would undoubtedl3' have completed his account of ‘gloss3^ skin ’ b3' a description 
of the accompan3’ing atroph3^ of bone”. 

Some 3’^ears before, Sudeck had described an acute atroph3' of bone, associated with 
inflammator3^ processes in the articulations, which he later called post-traumatic reflex 
atroph3’^ of bone. About the same time, lUenboch added to the clinical findings and gave a 
description of the roentgenographic changes. This t3-pe of osteoporosis is most frequentl3^ 
found in the short bones of the hands and feet; next in order of frequenc3’ are the epiph3'ses 
of the metatai’sals, metacarpals, and phalanges, and then the epiph3'ses of the long bones. 

Although, because of concomitant injuries, such cases of osteoporosis have been consid- 
ered as associated with peripheral-nerve injuries, thc3' are not the consequence of injuries 
of large nerves or trunks. In the material of Herrmann. Reineke, and Caldwell, in which 
reports from a number of clinics are reviewed, it apparenth' was not found that peripheral- 
nerve injur3’, ns apart from general, often minor, trauma, pla3’ed a part. 

In some cases, the disproportion between the severit}' of the pain complained of and 
the minor character of the trauma, or trauma at a distance, in addition to the changes in 
the mental attitude of the patient, led to a diagnosis of In-steria. Simons described cases in 
which, along with “ ps\'chogcnic paraK'sis and contractures", similar osteoporosis was 
seen. In these cases the association of va.'^omotor, secretor3’, and other trophic changes in 
the skin and muscles indicated their identit3' with the c-a.-^es of so-called plu'siopathic 
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reflex-nerve disturbances, reported b.y Babinski and Froment. Here there was a differ-, 
ence of opinion: Some, including Babinski and Froment, insisted upon an organic origin,] 
others, as Rouss.y and Lhermitte, maintained that the basis was hysterical. In the author’s^ 
experimental work, no such conditions have been encountered. 

Numerous cases of bone and joint disturbances associated with lesions of the peri- 
pheral nerves were observed during World War I. In addition to types similar to those 
described by Sudcck and Kienbbch, there were also reports of acute osteoporosis; simple 
atrophy of bone, usually attributed to disu.se; and changes resembling chronic articular 
rheumatism, — some in cases of painful lesions of the median and tibial nerves, and some 
in joints, underl3ung infection and ulcers. Maliwa mentioned a number of cases of atrophy 
of the bones of the hand, associated with lesions of the ulnar and median nerves, as con- 
trasted to the cases described b.y Simons. 

Simple atroplyy was said bj'^ Lehmann " to be rare in the adult. However, he reported"* 
six cases of atrophy^ in the bones of the hands, and also two cases of atrophy in the calcaneus 
after injuiy to the sciatic nerve. Changes resembling chronic articular rheumatism or 
arthritis deformans were observed by'- a number of authors, quoted b.y Bumke and Foerster. 
Sterling mentioned particular! the ty'-pe associated with mal perforant, callus formation, 
microchiria, micropodia, and macropodia. These ai-e of rare occurrence and, according to 
Lehmann, are always associated with ulceration and infection. For the most part, the 
greater proportion of instances of changes in bones and joints were associated with partial 
and usually painful lesions. Their common occurrence in causalgia is noted by'- Benisty. 
On the other hand, complete lesions of large trunks of nerves, uncomplicated by vascular 
or other injuries, infection, or ulceration, were rarely'- found in association with bone 
atrophy. 

The author was unable to find any'- recent reports of experiments to determine the ef- 
fect of denervation upon adult bone. Howell and Tower have described the relation of 
neural influences upon bone growth and development. For experiments dealing with 
atrophy of adult bone, one must consult some very'- old reports, and the conclusions are by- 
no means clear or in agreement. In the often quoted experiments of Schiff, the bones of the 
paraly'-zed limb were less voluminous than those on the opposite side, whereas the perios- 
teum of the paraly'-zed side was thickened. Two months after the operation had been 
performed on two cats, although the bones were smaller, the medullary cavities were large. 
Schiff concluded that the immobility'- of muscles produces atrophy’- of bone. He found, 
however, when animals were allowed to survive twelve or eighteen months, that many 
parts of the bone were thicker than on the normal side. 
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Fig. 2 

Roentgenograms taken at various inten-als after secondary suture. 


Ogle refers to a monograph of Luigi Fasce and Domenico Amato, who, in 1866, stated 
that a constant reduction of weight took place in the bones of parah'zed limbs after the 
livision of nerves. Ogle also cites Palermo, who, after dividing the brachial plexus of the 
rabbit, found no changes in the bone. 

An experiment upon the effect of electrotherapy on muscle atrophj- in cats made 
ivailable to the author a considerable number of extremities in which denervation had 
been performed by section of the sciatic nen'e, about four centimeters below the sciatic 
notch. The material may be divided into three groups: first, the animals in which no ulcers 
developed, either after primary’’ suture or after secondary suture sixty days following sec- 
tion or denervation; second, the animals in which ulcers appeared at some time after surg- 
crj", and third, a group of animals whose denervated extremities were immobilized in 
plaster casts. 

In twenty-seven animals, ulcers did not develop after section alone, or section and 
primarj' or secondary suture; none showed any changes in the bones which could be 
demonstrated by roentgenogram. In this group there were twelve animals in which 
primary suture followed section of the nen-e: Three were x-rayed at 60 days, five at 90 
days, three at 150 days, and one at 180 dajm after operation. In addition, there were three 
animals in which secondary suture followed sixty daj's after section of the nerve: Two 
Were x-rayed at 135 days and one at 180 dajm. Finally, there were twelve denervated 



Fig. 3 


Rocntgcnognims taken at vanon- interval- after dcncra-ation. 
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Fig. 4 

Roentgenograms at upper left were taken eighty-eight days after denervation of left sciatic 
nerve; those at upper right were taken sixty da}"s after primary suture of left sciatic nerve. Lower 
roentgenograms were taken seventy and sixty days, respectively, after bilateral primary suture 
and immobilization in a cast. Ulcers were present in all. 


extremities; Four were x-rayed at 30 days, two at 60 days, three at 90 days, and three 
at 120 days after section (Figs. 1, 2, and 3.). 

Of eleven animals in which an ulcer had developed at some time, some bone change 
was demonstrated in only one. This was an animal examined 132 days after denervation, 
and the ulcer of the heel was still present. In five of the other ten, the ulcer had healed; 
in three it remained unhealed; in one only a denudation remained; in one the ulcer ap- 
peared only six days before the animal was sacrificed, ninety days after primary suture. 

Roentgenograms were available of eighteen extremities which, after primary suture* 
or denervation, were immobilized in a bivalved plaster cast. Of the eighteen, ulcei's de- 
veloped in eleven. When primary sutures were performed upon both sciatic nerves, one 
hind extremity was immobilized in a bivalved plaster cast; the other side served as a con- 
trol. No change in bone could be shown in the extremities in which ulcers had not de- 
veloped. Of the eleven with ulcers, changes in the bone could be demonstrated in five. 
In three, the persisting ulcers were large and deep; in two, only scabs were discerned over 
the heels (Fig. 4). 

The changes which were observed consisted of a definite, although slight, atrophy 
in the tarsal structures. The criteria for determining the existence of bone atrophy were (1) 
general demineralization and (2) preservation of density in the articular cortex. In one 
animal, there was local bone destruction of the posterior aspect of the calcaneus (Fig. 4). 

Changes in bone were never demonstrable by roentgenogram when ulceration had not 
occurred at the heel or knee, whether or not the extremity had been immobilized after 


nerve injuiy. 

The degree of ulceration in the group of immobilized animals was greater than in 
the other groups, some of which had had bilateral operations. Since those immobilized, 
but vuthout ulcers, showed no demonstrable change in bone, the change in the animals 
with ulcer could not be attributed either to disuse or to loss of some “trophic influence 
upon bone. It is possible that, when ulcers develop in immobilized extremities, circulatory 
disturbances maj' facilitate bone changes. 


CONCLUSIONS 


These experiments indicate that atrophy of bone does not result from denervation of 
an extremity, or from immobilization of a denervated extremity. AWien atrophy of bone 
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was observed, in rare instances, it occurred as the result of ulceration, overh-ing the bone 

ind joint, l^lien idceration occurred in extremities which had been immobilized and 

/uenervated, it was more severe than in cases in which the extremitj’ had not been immobil- 
r ized, and a greater number of cases of bone atrophy occurred. 

REFERENCES 

1. B.^bixski, J., and Fbomext, J.: Hysteria or Pithiatism and Reflex Nervous Disorders in the Neurology 
of War. Military Medical ^Manuals, London, University of London Press, 1918. 

2. Bexistt, Ateanassio: Clinical Forms of Nerve Lesions. Military Medical Manuals. London, University 
of London Press, 1918. 

3. Bowlbt, a. a.; Some Tropliic Lesions Following Injuries of Nen'es. Illustrated Med. News, 4; 25-32, 

1889. - ' - - 

4. Busike, Oswald, und Foebsteb, Otfbid: Handbuch der Neurologic. Berlin, Julius Springer, 1929. 

5. GoLDscHErnEK: Ueber neurotische Ivnochenatrophie und die Frage der trophischen Funktionen des 
Nervensystems. Ztschr. f. Klin. Med., 60: 1-26, 1906. 

6. Hebrmanx, L. G.;RErN'EKE, H. G.; and Caldwell, J. A.; Post-traumatic Painful Osteoporosis. A Clini- 
cal and Roentgenological Entity. Am. J. Roentgenol., 47: 353-361, 1942. 

7. Hibsch, ICabl: Ueber einen Fall von Jledianusverletzung mit seltenen trophischen Storungen. Deutsche 
Med. Wchnschr., 32: 799-SOl, 1906. 

8. Howell, J. A.: An Experimental Study of the Effect of Stress and Strain on Bone Development. Anat. 
Rec., 13: 233-252, 1917. 

9. Kiexboch, Robert: Ueber acute Ivnochenatrophie bei Eintzundungsprocessen an den Extremitaten 
(f^chlich sogenarmte Inactivitatsatrophie der Ivnochen) und ihre Diagnose nach dem Rontgen-Bilde. 
Wiener Med. Wchnschr., 51: 1345-1348, 1901. 

10. Lehjlan-k, Walter; Beitrage zur Kenntnis dersekretorischen und vasomotorisch-trophischen Storungen 
nach Nervenschussen. Med. Ivlin., 13: 629-633, 1917. 

11. Lehmann, Walter: Die Chirurgie der peripheren Nerv'enverletzungen mit besonderer Beriicksichtigung 
der Kriegs-Nen'enverletzimgen. Berlin, Urban imd Schwarzenberg, 1921. 

12. McArdle, j. S.: Joint Troubles Arising from Nerve Diseases. Practitioner, 95: 174-180, 1915, 

13. Maltwa, Edmund: Trophische Storungen nach Yerletzung peripherer Nerven mit besonderer Beruck- 
sichtigung der lUioehenatrophie. Med. Klin., 13: 704-706, 1917. 

Mitchell, S. Weir: Injuries of Nerves and Their Consequences. Philadelphia, J. B. Lippincott and Co., 
iS72. 

15. Ogle, J. W.; Regarding Certain Influences Exercised by the Nervous System upon Bone. St. George’s 
Hosp. Rep., 6: 265-312, 1871-1872. 

16. Rousst, G., and Lhervutte, J.; Shell Shock or the Psychoneuroses of War. Military Medical Manuals. 
London, University of London Press, 1918. 

17. ScHirF, M.: Recherches sur I’influence des nerfs sur la nutrition des os. Compt. Rend. Acad. d. Sciences, 
38 (No. 1); 1050-1055, 1854. 

18. Simons, A.; Ivnochen und Nerv (Ivriegserfahrungen). Ztschr. f. d. Ges. Neurol, u. Psvchiat., 37: 36-39, 
1917. 

19. Sterling, W.; Zur Frage der trophischen lUiochenveranderungen nach I'erletzungen der peripheren 
Nen-en. Neurol. Zentralbl., 35: 7S5-7SS, 1916. 

20. SuDEcK, P.: Ueber die acute entzundliche Ivnochenatrophie. -Arch. f. Ivlin. Chir., 62: 147-156, 1900. 

21. SuDECK, P.: Uber die akute (reflektorische) Ivnochenatroplue nach Entzundungen und Verletzungen an 
den Extremitaten und ihre klinischen Erscheimmgen. Fortschr. a. d. Geb. d. Rontgenstrahlen, 5: 277- 
293, 1901-1902. 

22. Tower, S S.; Trophic Control of Non-nervous Tissues by Nervous System: Study of Muscle and Bone 
Innervated from Isolated and Quiescent Region of Spinal Cord. J. Comp. Neurol.. 67: 241-267, 1937. 

23. Turnet, H, G.: The Trophoneuroses. In .Allbutt and Rolleston’s System of Medicine, Ed. 2. vol. 7. 
New Aork, Macmillan and Co., 1910. 


voi_ .10. X. ^•o, .\rnii, loix 



CONTRACTURES FOLLOWING EXPERIMENTALLY PRODUCED 
PERIPHERAL-NERVE LESIONS * 

BY IRVING C. SHERMAN, M.D., CHICAGO, ILLINOIS 

From the Department of Nervous and Mental Diseases, Northwestern 
University Medical School, Chicago 

The development of contractures in certain muscles following peripheral-nerve inju- 
ries has been recognized by such authors as Goldstein and Lehmann as a common and 
dreaded complication. The contractures develop as a result of a variety of causes. 

They have frequentlj'' been described (by Goldstein, Lehmann, Leri and Roger, 
Guillain and Barre, and Foerster) 'in the antagonist of a paralyzed muscle, in which the 
contracture was due to an adaptive shortening of the actively innervated muscle, because 
of the lack of opposition b}'- the paralyzed muscle. Foerster ® called these “ Schrumpfiings- 
kontraktur” and Ranson and Sams applied the term “myostatic contracture”. Such a 
muscle cannot be extended passively without undue force and pain, nor does it yield under 
narcosis unless excessively severe force is applied. Eventuallj'- capsular changes occur, fol- 
lowed bj'' bony fixation. 

Other contractures develop in muscles, the nerves of which are irritated or compressed 
by a foreign body or by scar tissue Lehmann considered these to be active con- 

tractures, due to excessive stimulation of motor fibers. 

Painful nerve lesions yield contractures, for example, in. the irradiating neuritis of 
Guillain and Barr6 and the painful neuritis of Athanassio-Benisty. Lehmann, Guillain and 
Barrd, and Foerster have described contractures in painful neuromata, in which the neu- 
roma produced limitation of motion. In this group the contractures developed as a result 
of irritation of sensoiy fibers. Lehmann referred to them as “neurogene Schomingskontrak-'' 
turen” (neurogenic protective contractures). Athanassio-Benisty pointed out the impor- 
tance of reflex phenomena in the development of such contractures; she cited cases in which 
the wound did not involve any important nerve, and yielded contractures in muscles which 
were sometimes on the opposite side of the body. 

Babinski and Froment described “paralysie d’ordre reflexe”, which is known in the 
English literature as the physiopathic reflex contracture, or congealed hand or foot. It was 
accompanied by trophic, vasomotor, and thermic changes. Froment has reviewed the more 
recent investigations, indicating that the phenomena were the result of involvement of 
sympathetic fibers and were not due to hj'^steria, as claimed b}'’ others. These contractures 
sometimes followed mild injuries to the extremity, not involving the nerve hence adding 
support to the concept that, at least in part, they were produced reflexly. 

Some contractures are due to fascial shrinkage — for example, in cases in which Du- 
puytren’s contracture followed a lesion of the ulnar nerve. This was supposedl}^ due to in- 
volvement of trophic fibers, and it was noted that inflammation surrounding trophic 
ulcers contributed to this deformity. 

Contractures ma}" develop in denervated muscle. Lovett and man}" others have 
described the shortening of non-paralyzed muscles in cases of poliomyelitis. Aloi-e re- 
cently, Steindler and his associates have recorded them in 25 per cent, of 200 cases of 
poliomyelitis, in some of which the contractures were in paralyzed muscles which had been 
immobilized for from three and one-half weeks to eight months. The limitation of joint 
movements in these cases is due to muscle shortening, and not to articular or peri-articular 
changes Foerster ® also mentioned that muscle, deprived of efferent nerve fibers, could 

* The work described in this paper was done under a contract recommended bj" the Committee on 
Medical Research, between the Office of Scientific Research and Development and Northwestern Universit3’. 
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adapt” itself to a certain degree by shortening when its origin and insertion were approxi- 
mated, and that this was due in part to the elasticity of such muscle. Tower has shown that, 
/ollowing denervation, a set contracture gradually develops in muscle, which is insidious in 
onset and is delayed for six to eight weeks. It is not relaxed by general anaesthesia or 
ischaemia, or in death. However, after re-inneiwation, even high-grade contractures could 
be partially reversed. Tower also referred to the fact that contracture does not develop in 
denervated muscles which are subjected to gravity strain, presumably because the muscle 
is stretched instead of shortened. 

Manj’’ investigators, including Goldstein, Lehmann, Athanassio-Benistj', and Foers- 
ter have referred to the importance of psychic factors in the development of contractures, 
belieidng that immobilization initiated the deformity and that its maintenance was de- 
termined by conscious or unconscious influences. Claude stated that in many patients, 
left to themselves or poorly treated, the abnormal attitude, which was first acquired re- 
fiexly because of pain or for protection, becomes fixed, perhaps due to hysterical influences 
or habit. Similar views were held by others in a discussion of this subject at the Paris 
Societe de Neurologic in 1916^. 

Finally, it must be borne in mind that, when a missile produces a nerve injury, it maj^ 
also damage neighboring tissues. Athanassio-Benistj' considered osseous musculotendinous 
lesions to be one of the important causes of contracture. 

Despite the importance of the problems presented bj' contractures, surprisingh" little 
experimental work has been done in this field. Some investigators have studied the influ- 
ence of immobilization upon the development of contractures in the presence of the intact 
or selectively damaged nervous system. 

Frohlich and Meyer stated that immobifization of a denervated extremit}' of a cat 
for four or five days did not jdeld stiffness of the extremit}’, as would be the case if the nerve 
were intact. Meyer and Spiegel found that posterior-root section, followed bj- immobiliza- 
tion for four weeks, yielded no contracture, whereas immobifization of a normal extremity 
for,four days did lead to such a contracture. Thej' believed these contractures to be neuro- 
myogenic, the reflex shortening being the prefiminarj' condition and the myogenic shrink- 
age following. Spiegel and Shibuya referred to this as “ Ruheversteifung” (immobifization 
stiffness). 

Riemke claimed that the functional contracture appeared quickly and was followed 
in two or three days by secondary organic changes in the muscle, connective tissue, 
tendons, ligament, and joint capsule. The longest period of immobifization he studied was 
seven daj^s. 

Bier opposed the belief that Ruheversteifung was dependent upon the intact nervous 
system onlj% claiming that it was always seen in the presence of inflammation or injury to 
the tissues. Hueter, as quoted by Fick, claimed that the prolonged approximation of the 
ends of a muscle was alwaj'S followed by “riutritive Verkurzung” , and that it occurred in 
paralyzed as well as unparalyzed muscles. Fick studied the shortening of immobilized 
muscles by actually measuring the fibem. His experiments were of short duration. He 
agreed with Meyer and Spiegel that the integrity of the reflex arc was necessary for the 
development of contracture, although he admittedly had contradictory results. For ex- 
ample, in one rabbit he sectioned the brachial plexus, thus denervating the extremity. 
Hien he fractured the foreleg and immobilized the extremity in partial fle.xion at the el- 
' bow. After ten daj's, he found some shortening of the muscle fibers, which must have 
developed independently of nerve influences. 

Ranson and Sams studied the development of contracture in the gastrocnemius after 
division of the Achilles tendon. They believe that this “myostatic contracture” is de- 
pendent upon the nervous system in its genesis only, and that its persistence is independent 
of innervation, anaesthesia, or section of the motor nerve. In effect, their o.xpcrimcnt 
showed that contracture will develop in an innervated muscle, if the muscle is unoppo.'efi. 
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The role played by the nervous system in the development of contracture is by n^ 
means clear. Most of the experimental work suggests that the nervous system is necessarj^ 
but Tower has shown clearly that contracture will develop in six to eight weeks in a 
denervated muscle. Most of the other investigators failed to find it in immobilized denerv- 
ated extremities, perhaps because they terminated their observations in from one to four 
weeks. Furthermore, there is confusion as to what constitutes a contracture, some consid- 
ering it to be any degree of transient stiffness which opposes easy stretching. 

• There is no definite investigation in the literature which deals with contractures 
following peripheral-nerve injuries in circumstances which are analagous to those occur- 
ring in the human. In such instances, at least partial immobilization is used. Furthermore, 
at one time we are dealing with denervated muscles, and at another time with muscles 
that are being re-innervated. The following report deals with the development and treat- 
ment of contractures in the muscles of the cat’s leg, following experimentally produced 
lesions of the sciatic nerve. 


MATERIALS AND METHODS 

Three types of lesions of the sciatic nerve of the cat’s leg were available. 

A. Denervation: The sciatic nerve was sectioned at about 4 centimeters below the 
sciatic notch, and the distal stump was resected for 2.5 to 3 centimeters. One cubic centi- 
meter of absolute alcohol was injected into the central stump. 

B. Primary Suture: The sciatic nerve was sectioned, 4 centimeters below the sciatic 
notch, the ends were immediately approximated, and the epineurium was sutured. 

C. Delayed Suture: The sciatic nerve was divided, 4 centimeters below the sciatic 
notch. The ends were turned back to avoid their reunion. When the suture was made, 
sixty days later, the retracted and neuromatous nerve ends were first resected for from 
3 to 5 centimeters. 

In all the sciatic-nerve preparations, the muscles below the knee were paralyzed, so 
that the foot was flail. In walking, the foot and toes could not be elevated high enough to 
clear the floor, so that the cat stepped on the dorsum of the toes. In standing, the heel 
rested on the floor. 

In some peroneal-nerve preparations, primary sutures were studied; the level of the 
section was the same as in the sciatic preparations, except that care was taken not to cut 
the tibial part of the nerve. This produced drop foot and toes, without paralysis of the 
plantar flexors of the foot and toes. Such a cat could stand with its heel off the floor. 

No form of immobilization was used. The animals were confined to individual cages, 
eighteen by twenty-four by sixteen inches, where they were usually in a sitting or lying 
position, with acute flexion at the ankle and knee. They were removed either for daily 
treatment or for examinations at intervals of five to ten days, when they were permitted 
to walk around. 


METHOD OF EXAMINATION 

Only contractures of the following muscles were considered, because they were large 
palpable muscles: (1) gastrocnemius, (2) tibialis anterior, (3) extensor digitorum longus, 
and (4) flexor digitorum longus. 

One must choose arbitrary but definite positions of the joints involved in examining 
the extremities, because variations in the degree of flexion or extension in these joints will 
make the muscles appear to be longer or shorter. 

To test the gastrocnemius, the knee is maintained at a right angle. Normally the foot 
will dorsiflex so as to touch the anterior surface of the leg, executing an arc of 90 degrees. 
If the arc executed is only 60 degrees, then the measure of contracture of the giistrocnemius 
is 30 degrees. To test the tibialis anterior, the thigh and leg are maintained in a straight 
line. With the limb in this position, the ankle extends normally to ISO degrees. Any limita- 
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tion in extension of the ankle is due to a contracture of the tibialis anterior, the taut tendon 
k which can be palpated. In testing for the extensor digitorum longus. the knee is main- 
tained at right angles; normally the ankle can then be extended to 180 degrees. Any limita- 
tion of this — for example, to 150 degrees— -would mean a contracture of thee.xtensor digi- 
torum longus of 30 degrees. To test for the flexor digitorum longus, the knee and ankle are 
held at a right angle. With the limb in this attitude, the toes normally maj' be flexed com- 
pletely, so that the claws touch the plantar surface of the foot, executing an arc of 180 
degrees. From the horizontal plane, the toes may extend through an arc of only 90 degi'ees. 
Any limitation of this would be a measure of the contracture of the flexor digitorum longus. 

With a little experience, one could detect whether the limitation in the range of motion 
was due to voluntarj^ resistance or to actual muscle shortening. The tendon of the shortened 
muscle could be palpated and compared with that on the normal side. IWien a muscle 
displayed contracture, the animal was examined under anaesthesia prior to sacrifice, to 
confirm the finding. Then, when the animal was sacrificed, the taut tendons were cut to see 
if the limitation of joint motion was due to contracture or to arthritic and capsular changes. 
In all of the animals, it was found that the limitation was due to muscle shortening. 

All angles of motion were estimated visualljL It is difficult to be sure by this means of 
estimation that a limitation of motion of onl 3 ’' 10 degi-ees is pathological, so that contrac- 
tures of less than 15 degrees were eliminated as non-significant. 

TYPES OF TREATSIENT 

A. No Treatment. 

B. Massage and Passive Motion: The massage consisted of thirW-six to fiftj' strokings 
and twenty-five to thirtj"-five kneading movements for the entire extremity' for a total 
duration of five minutes daity. Passive motion followed massage. The knee and ankle were 
moved simultaneoush’^, bj^ alternating flexion of the knee and dorsiflexion of the foot with 
extension of the knee and plantar flexion of the foot. Alternate flexion and extension of all 
the toes were performed simultaneousty. Each joint was passivel}' moved ten times, care 
being taken to carrj^ the movement through its full range. 

C. Massage, Passive Motion, and Electricity for Five Minutes: To Group B, electro- 
therapj’^ was added for five minutes daity. Bipolar stimulation to the gastrocnemius was 
used; the stimulating interrupter ke 3 ' electrode was applied as closety as possible to the ori- 
gin of the muscle, and the other was an indififerent electrode, close to the insertion of the 
Achilles tendon. The area of each electrode head was about two square centimeters, and 
'vas protected b 3 ^ chamois. Stimulation was given the gastrocnemius b 3 ' the periodic ap- 
plication of a sixty-c 3 ’^cle alternating current; the current was allowed to flow for three- 
second intervals and was interrupted for two-second intervals, so as to get twelve contrac- 
tions per minute. The current strength was adapted in each treatment, so as to produce a 
prolonged submaximal tetanic contraction with as weak a current strength as possible. 

D. Massage, Passive Motion, and Electricity for Fifteen Minutes: This varied from 
Group C in that electrotherap 3 ' was given for a longer interval daih'. The sixt 3 '-c 3 'cle 
alternating current was interrupted ever 3 ’- one and one-half seconds b 3 ' means of a motor- 
driven mechanical device, so that forty submaximal tetanic contractions of the muscle 
were produced each minute for fifteen minutes. 

D.\TA .VND DISCUSSION 

Before a muscle was accepted as displa 3 'ing contracture, shortening of the muscle 
vas demonstrable b 3 - limitation in the motion of the involved joint and actual palpation 
of the tendon on stretch. In those animals which displax’cd contracture at the time of 
sacrifice, the further criteria were that the contracture must persist under deep narcosis 
and in death. lurthermore, when the tendons about the joint were severed, complete 
range of motion in the joint must be possible. 

voi.. .xo-A. NO. Ai'nii, ion, 
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Ds^ys af'-te/T' opc-ratiorv 
Fig. 1 

Frequency of contractures in untreated dorsiflexors of the foot after secondary suture of tlio sciatic 
nerve, as compared witli frequency after denervation and after primary suture. 


A. Denervation Contractures in Untreated Animals 


In this series of fifteen animals, of which fiAm survived to 120 days, contractures began 
to appear in thirty to forty-five days. By 105 days they were present in 100 per cent, of 
the cases (Fig. 1). They were seen only in the dorsiflexors of the foot. In other experiments 
where immobilization was used, shortening was evident also in other muscles. It appears 
that contractures Avill develop in muscles which are relatively fixed in a shortened state. 

The only treatment given these animals was massage and passive motion for fifteen 
minutes, and it had no beneficial effect. It appeared probable that, if all the animals had 
been allowed to survive for 120 daj^s, the severity of the contractures in all would have 
increased to 80 or 85 degrees. These contractures were fii'm and practically inextensible. 
They did not jdeld under nembutal or ether narcosis, or in death. A spot survey of the 
pathological findings in some of these muscles showed an e.xcessive amount of fibrous tissue, 
as compared Avith the normal. The reason for the fixed shortening in the absence of nerve 
influences is a problem AA'hich aAvaits further study. 


B. Contractxires after Primary Suture in Untreated Animals 

Contractures appear in a large number of the muscles of cats after the nerve has been 
sectioned and sutured immediately. Of nineteen animals, treated and untreated contrjic- 
tnre Avas present in sixteen (84.2 per cent.) ninety days after primary sutuie of the sciatic 
'tUp mntracture occurred in one or more of the muscles, producing dorsiflexion and 

toes. Eleven animals „ad co„..«U„c of t„e deeinexo,. or ,„e 

^ Tiir. JOCIINAI. or KO.vi; a.vp joi.nt .srmoruY 



CONTRA.CTUHES FORROVTII^G PERlPHERAlr-XERVE EESIOXS 


479 


foot, seven of the dorsiflexors of the toes, seven of the plantar flexors of the foot, and eight 
of the plantar flexors of the toes. This high frequency shovs the gravity of such a compli- 
cation after peripheral-nerve injury. 

' It is evident that contractures develop most frequenth’ in the dorsiflexors of the foot, — 
that is, either in the tibialis anterior, the extensor digitorum longus, or both. Because of 
the gi-eater frequencj' in this muscle group, it was chosen for more extensive study and 
analysis of contractures in general. 

Coniradiires in Dorsiflexors of the Foot after Primary Suture in Untreated Animals 

In Table I are data showing the development of the frequence' and severitj' of this 
group of contractures. The peak frequency is reached at seventy- five days (Fig. 1). Until 
this time, the line of ascent is a little more rapid than that for the denervated dorsiflexors 
of the foot. However, beyond this time, there is a sharp divergence between the two, in 
that contractures increase after denervation up to 100 per cent, at 105 days; whereas in 
the cases of primary’ suture, the peak of frequency is passed after 75 days, and there is a 
decline to 10 per cent, at 150 days. 

In the group with primary’ suture the peak severity, reached at seventy-five days, 
does not recede until after ninety days, whereas in the denervation gi’oup there is no 
recession. 

For a certain period of time after section and immediate suture of the sciatic nerve, all 
the muscles below the knee are in a state of denervation. For the dorsiflexors of the foot, 
the average time of return of function in these animals was sixty’-two day’s, \vith a minimum 
of forty-nine day’s and a maximum of eighty-three days. It is considered by’ Gutmann, 
Guttmann, Medawar, and Young that re-innervation takes place some day’s before func- 
tion returns. Thus, in animals having primary suture, contractures may develop as a result 
of the influence of denerr’ation and shortening (which appear as early as thirty to forty- 
five days) ; and, secondarily, due to the influence of re-innervation, even before function 
dccurs. This is considered to be true because there are significantly' more contractures in 
animals having primary’ suture than in denen’ated animals at forty-five and six-ty’ days 
after suture (Fig. 1). This is a time when function has not frequently' been manifested. 
However, by’ seventy’-five days it is noted that the denervation contractures surpass the 
primary’-suture contractures in frequency’ and severity, and it is believed that this is due to 
the return of function in the group with primary’ suture. It must be recalled that no im- 
mobilization was used in these animals, so that where the function did return, the animals 
used their extremities more freely’ to exercise them spontaneously’. 

At first the contractures were rather elastic and the muscles could be stretched with- 
out much pain, so as to produce the complete range of motion at the ankle joint. As 
the contractures persisted, they’ became fixed, so that attempts at stretching the muscle 
were exceedingly’ painful; and in many’ instances little, if any, improvement could be 
obtained in the range of movement of the involved joint. Under nembutal or ether 
anaesthesia, these contractures were no more reducible with moderate force than they’ 
had been without narcosis. 

Various correlation studies were made to determine what factors could be con.sidcred 
to contribute toward the development of contracture. There was no relation between the 
presence of contracture in the dorsiflexors of the foot and the percentage of weight lo.=s in 
'' these muscles: nor was there any’ relation between the percentage of weight loss of the gas- 
trocnemius and the contracture in the dorsiflexors, oven though one might anticipate a 
more marked weight loss in the group rrith contracture, because then the gastrocnemius 
might be said to be on stretch. 

T he presence of fibrillation, ninety’ day’s after primary’ suture, was sought bv direct 
observation of the muscle, with the animal under anaesthesia. Of ton animals showing 
contractures at this time, one (10 per cent.) showed fibrillation. Of twenty’-nine without 
voi.. jo-.v. ^-o. .\rmi. I'n', 
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contractures, seven (24.1 per cent.) showed fibrillation. There was a significant!}' lower 
finquenc}' of fibrillation in those muscles with contracture. 

/ No significant difference was seen in the specific gra\’it5' of muscles with or without 
contracture. 

Of sixteen animals with ulceration of the heel, four showed contracture of the dorsi- 
flexors of the foot. These data are not sufficient to determine the importance of ulceration 
in contractures, because most of the animals with serious ulcer were discarded. 

In a selected group of twenty-nine animals which survived ninet}' da5'5 after primary 
suture, it was found that the development of contracture was not I’elated to the time of 
recover}' of function in the paralyzed muscles. The average time for recovery of function 
in the contracture group was sixty-one days, as compared noth si.xty-three days for those 
without contracture. 

After sciatic-nerve section, opposing muscles regained function at different times. 
The longer the difference in time between the recovery of opposing muscles, the more 
likely was the development of a contracture in the muscle which recovered first (Fig. 2). 
Of fifteen animals wth contracture of the plantar flexors of the toes, there was none in 
which function returned to the dorsiflexors first. In four, function returned simultaneously 
to the dorsiflexors and plantar flexors; and in the remaining eleven (73.3 per cent.), re- 
covery of the plantar flexors preceded that of the dorsiflexors. In eighteen animals without 
contracture in the plantar flexors of the toes, there were only ten (55.5 per cent.) in which 
recovery of the plantar flexors preceded that of the dorsiflexors; and in most instances it 
was to a less significant extent than in the animals with contracture. In six, recovery of 
function in both groups w'as simultaneous; and in two animals, recover}' of function in the 
dorsiflexors preceded recovery in the plantar flexors of the toes. However, the return of 
function in the opposing muscles in a non-immobilized animal will tend to dissipate a con- 
tracture quickly. 

^ In a few animals, in which either the dorsiflexors or the plantar flexors of the foot had 
been denervated alone, contracture developed in the muscle group which retained its 
iunen'ation. This is due to the principle just described, in which opposing muscles recover 
function at different times. 


C. Contractures after Delayed Suture in Untreated Animals 

In a selected group of fifteen cats, sciatic-nerve suture was delayed for sixty days. At 
ninety days after suture, 100 per cent, showed contracture in one or more of the muscles 
producing dorsiflexion or plantar flexion of the foot and toes; this is even greater than the 
figure of 84.2 per cent, for animals ninety days after primary suture. Thirteen had contrac- 
ture of the dorsiflexors of the foot, thirteen of the dorsiflexors of the toes, eleven of the 
plantar flexors of the toes, and only three of the plantar flexors of the foot. For purposes 
of analysis of a larger amount of material and for comparison with the studies on animals 
"uth primary suture, the development of contractures in untreated animals was confined 
to the dorsiflexors of the foot, — that is, a contracture in either the tibialis anterior or the 
extensor digitorum longus, or both. 

The frequency of contractures of the dorsifle.xors of the foot is certainly greater after 
delayed suture (72.7 per cent.) than after primary suture (47.1 per cent.). It is considered 
^that the longer period of denervation favors this outcome (Table II). 

The plotting of the days after operation for the animals with delayed suture (Fig. 1) 
was taken as the number of days after section of the sciatic nerve, which was sixty days 
before the nerve was resutured. This was done because actually, during tliis sixty days, the 
muscles were in a state of denervation; and any factor operating in the development of 
contracture in these muscles is equally as important as in those muscles which were de- 
nervated and not allowed to regain their innervation. Thus it will be seen that the first 
point for secondary suture is plotted at ninety days, which is actually only thirty days after 
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TABLE I 

Analysis of Contractures of Dorsiflexors of the Foot at Varying Times after Primary Suture 
OF THE Sciatic Nerve with Different Types of Treatment 
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MPM = Massage and passive motion. 

MPME — 5 min. = Massage, passive motion, and electricity for five minutes. 
MPME — 15 min. = Massage, passive motion, and electricity for fifteen minutes. 
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NUMBER, of DAY5 after PRIMARY 5UTURE and TYPE of TREATMENT 

Fig. 4 


Fig. 4 

Frequency of contractu|"i 
in the dorsiflc.xors of the footW 
variou.s intervals after prima^rj- 
suture of the sciatic nervi'’, 
various types of treatmen'i! 
being used. 

NT = No treatment. 

M = Massage and passive 
motion. 

MN _ passive 'mo- 

tion, and electrother- 
apy for five minutes. 

MP = Massage, passive mo- 
tion, and electrother- 
apy for fifteen minutes. 



NUMBER, of DAYS aftor SECONDARY SUTURE and TYPE of TREATMENT 


Fig. 5 



Frequency of contractures in the dorsiflexors of the foot at various intervals after delayed suture of the 
sciatic nerve, various types of treatment being used. 


suture. Since at this time it was impossible for the axon to regrow into the muscle, we are 
still dealing with a denervated muscle; and it may be seen that the curves for the delayed 
and denervated groups approximate each other. The recession from the peak frequency in 
the animals with both primary and secondary suture takes place spontaneously, as recov- 
ery of function occurs. There are more frequent residual contractures after secondary 
suture (33.3 per cent.) than after primary suture (10 per cent.) at 150 days after suture. A 
similar sequence of events is evident in reference to the severity of contractures. These 
facts are just cause for urging early operation after severance of a peripheral nerve. 

D. Effect of Treatment upon the Development of Contractures of 
the Dorsiflexors of the Foot 

The need of physiotherapy early after the occurrence of peripheral-nerve lesions has 
been amply recognized. Much has been said about the necessity of immobilizing the 
paralj'^zed muscle in a shortened position to prevent overstretching of the muscle fibers. ; 
Highet recentl}'" pointed out the value of therapy twice daily, and claimed that all involved 
joints should be exercised passively through their complete range of motion. He believed 
that transient stretching of a denervated muscle was beneficial in preventing contractures. 

In a series of eleven denervated animals treated with massage, passive motion, 
and electrotherapy for fifteen minutes, there was no perceptible difference in the rate of 
development of contractures in the dorsiflexors of the foot as compared with the untreated 
group (Fig. 3). 
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In the animals having primary suture, there was no doubt but that massage and pas- 
sive motion had definite value in decreasing the frequencj’’ and severit}' of contractures, as 
compared i\’ith the untreated group (Table I and Fig. 4). The peak frequence' of 21.7 per 
/cent, was reached at sixty days in the treated group, as compared with 47.1 per cent, 
at seventy-five days in the untreated group. The recession of contractures was better with 
this treatment. 

In the group with delayed suture, massage and passive motion did not have such an 
ob\douslj’' beneficial effect (Table II and Fig. 5). Although contractures occurred almost 
as frequently with this treatment (70.0 per cent.) as without it (72.7 per cent.), retardation 
of the peak frequencj’' for forty-five daj’'s is valuable, because it brings the muscle into the 
period of recoverj’’ of function at which time the contracture can be dissipated more easilj’. 
The beneficial effect of massage and passive motion on the severity of delaj’-ed-suture con- 
tractures was more apparent than after primarj’- suture. 

The recession of contractures following primarj’- suture could not be anatyzed, because 
most of the animals were sacrificed at ninety daj^s. After delaj’-ed suture, the contractures 
in untreated and treated animals recede at about the same rate. The explanation for this 
becomes apparent when we recall that, after recoverj’- of function, these animals, which 
were not immobilized, were actualty treating themselves bj’ walking. The short' period of 
massage and passive motion would thus be insignificant in comparison with this spontane- 
ous form of active exercise. 

The validity of the addition of electrotherapj’^ to massage and passive motion has 
frequentlj’ been the cause of debate in the treatment of peripheral-nerve lesions. The dis- 
cussion has usually concerned itself n-ith its value in preventing atrophj- or in producing an 
earlier or better return of function. The onty two references which were found to deal with 
electrotherapj’ and contractures were simplj’- statements of clinical ex-perience. Elmslie, in 
a symposium on the treatment of peripheral-nerve injuries, mentioned that he saw manj’’ 
contractures and deformities, even with electrotherapj’. Goldstein cautioned that electro- 
therapj'- may do more harm than good, and that there is a time when it can favor the de- 
velopment of contractures. Although he did not elaborate, he claimed that in a muscle with 
a tendency toward the development of contracture, electrical treatment will increase the 
contracture to a marked degree. 

In the animals -with primarj’- suture, it was at least suggestive that, in the earlj’ 
postoperative period, electrical treatment has some influence in retarding the development 
and decreasing the severity of contractures (Fig. 4). The contractures did not appear until 
sixty daj's after suture, whereas in the groups without treatment and with massage and 
passive motion, they appeared earlier. From sixtj^ daj’S on, electrical therapj' appeared 
to have a deleterious effect upon the influence of massage and passive motion, since the 
more intense the electrotherapj’-, the more closety did the frequencj’ and severity of con- 
tractures approximate those in untreated animals. The fact that the peak with electro- 
therapy was reached later than in either of the other groups further suggests its deleterious 
influence, because the longer it was used, the more frequent and severe were the contrac- 
tures. It will be recalled that electrical stimulation was given to the gastrocnemius and, in 
treatment, a brisk plantar flexion of the foot was obtained. Due to spread of the current, 
\ manj’ of the animals showed a preliminary^ dorsiflexion of the foot, followed bj’ the more 
\ pronounced plantar flexion. Thus it is probable that the dorsiflexors of the foot also re- 
ceived electrical treatment. 

In a group of twelve animals, bilateral primarj' suture of the peroneal nerves was done 
at the same level as the total sciatic-nerve sections and sutures. The animals were permitted 
free mobility in their cages, and were allowed to survive eightj- daj's. The left leg was 
treated onlj- with electricitj’, as previouslj' outlined, and the right leg was untreated. This 
type of therapj' definitelj' contributed to the development of contractures in the un- 
paralj'zed antogonists of paralj'zed muscles; In all but one (91.7 per cent.), tightness or 
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contracture of the gastrocnemius developed. Definite fixed contracture developed in seveii 
(58.3 per cent.), and most of the contractures appeared late. In the untreated extremitii: 
a “tightness” or contracture appeared in the unparalyzed antagonist in only 33.3 per cen| 
of the cases, and was of transient duration. It is difficult to understand why electrotherapy 
should do this, but the answeV;m,ay be found in histological studies. 

The severity of contractures after primary suture was also aggravated by electro- 
therap 3 ^ Those animals treated with massage, passive motion, and electricity for five 
minutes showed more contracture than those treated with massage and passive motion 
alone. The amount of contracture, according to percentage of animals, for those treated by 
massage, passive motion, and fifteen minutes of electrotherapy, was practically identical 
with that for the untreated group at ninety da 3 '-s. 

In the delaj'^ed-suture group, insufficient animals were treated with massage, passive 
motion, and electricity for fifteen minutes, so they were omitted. In those treated for five 
minutes, the influence of electrotherapy was somewhat similar to that in the animals with 
primary suture (Fig. 5). The development of contractures in this group kept pace with the 
group treated only with massage and passive motion. Electricity, even for five minutes, 
seemed to retard the recession of contractures beyond ninety days after suture, because 
the peak of 71.4 per cent, was maintained until 135 days; at that time, untreated animals 
had a frequency of 46.1 per cent., and animals treated with massage and passive motion 
had a frequency of 45.4 per cent. Beyond 135 days, all three groups had approximately the 
same frequency (25 to 33.3 per cent.). 

Influence of Treatment upon the Reversibility of Contractures 

It was found that treated muscles were more pliable, even when showing contracture. 
With moderate or mild force, they could be stretched so as to produce the full range of 
motion, with the production of relatively little pain. 

In a series of twent 3 '--two primary animals with contractures of the dorsiflexors of the 
foot, the contracture had entirely disappeared in five (22.7 per cent.) by the time they 
were sacrificed. Of these five, there were three untreated and two treated animals. Simi- 
larly, in a series of tAventy-seven animals with delayed suture, which showed contracture 
of the dorsiflexors of the foot at some time during life, nine had lost their contracture by 
the time they Avere sacrificed. Of these, four Avere untreated and fiAm AA^ere treated. Con- 
tractures can reverse themselves, regardless of treatment. 

Influence of Immobilization on the Development of Contractures 

An attempt AAms made to obtain a series of cats AA^hich had had various forms of treat- 
ment, plus immobilization. The immobilization AAms produced by a plaster cast, AAfiiich 
encased the animal from the mid-thorax dGAAmAAmi’d. Some of the experiments Avere uni- 
lateral: One loAA’'er extremit3'' onb'' AAms encased in a position Avith both the knee and the 
ankle at right angles, AAdiereas the other loAA’'er extremity AAms permitted to be free. Other 
experiments AAm’e bilateral, so that both loAA’'er extremities and the body were encased in 
plaster. This cast Avas so constructed that the posterior portion of it could be removed 
daib'' for treatment or examination of one or both legs. The posterior portion of the cast 
could then be replaced and strapped into place, so that effective immobilization continued. 
In spite of numerous attempts AAdth A'-arious types of casts, ulceration invariably developed, 
either at the knee or ankle or at both sites, after about tAvo or three AA^eeks. Some of these 
animals could be nursed along, so that they survived for a period of time, as Avill be indi- 
cated later, Avithout being in too bad a condition. 

Although the number of animals in this series aa'rs not great, the results shed some 
light upon the deAmlopment of contractures. In those animals AAdiich AA^ere immobilized 
AA’ithout haAung had nerAm section, no contractures deAmloped after immobilization for as 
long as ninetA’' da3's. This is difficult to reconcile AA'ith the statements of various authors 
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hat contractures, persisting under narcosis and in death, could be produced after inimo- 
lilization for perhaps one or tu'o weeks. However, it is more in agreement with the clinical 
.vperience in those cases without bone or Joint disease. 

Denervation, followed by immobilization for ninety days, permits the development- 
of contractures in all muscle groups. Contracture did not develop in one untreated animal 
with priman,' suture, which suridved thirty-two days; but did d welop in two others which 
survived si.xt}* and ninety days, respectively. 

Similarly, in the priman- animals with bilateral immobilization, contractures began 
to appear at twenty-eight days; and by sixty days they became universal in the dorsal and 
plantar flexors of the foot, regardless of electrotherapy. It appears to take about thirty 
days for contractures to develop after primarv- suture and immobilization, but within the 
ne.xt thirty days they develop frequently and rapidly. Because of the scanty material, one 
cannot say how much of this is due to denen-ation and how much to re-iunen'ation. How- 
ever, it is obvious that immobilization greatly increases the frequency of development of 
contractures. 


coxcLCsroxs 

1. Contractures do not develop in the normal extremity of a cat. immobilized for 
as long as ninety days; but do develop in denen-ated muscles, if they are maintained in a 
shortened position for from forty-five to 105 days. 

2. After primarj' suture of the sciatic neri'e in cats, contractures occur in Si.2 per 
cent, of cases in one or more muscles below the knee, and after delayed suture in 100 per 
cent, of cases, after ninety days. 

3. Contractures occur most frequently in the dorsifle.xors of the foot of the cat after 
section and suture of the sciatic nen'e. They are less severe, less frequent, and less per- 
sistent after primarx- suture than after delayed suture in untreated animals. Residual 
contractures are more frequent after delayed than after primarx' suture. 

' , 4. Massage and passix'e motion defim'tely decrease the frequency and severitx* of 
contractures of the dorsiflexors of the foot, which occur after primary suture. After delayed 
suture, this tj-pe of treatment seems onlx' to retard the dex-elopment of the peak frequency 
of contractures for forty-fix-e days, but it undoubtedly decreases their sex-erirx'. 

5. The addition of electrotherapy to massage and passix-e motion delays the appear- 
ance of contractures for a longer period after primarx' suture than does the latter alone. 
Thus electrotherapy may hax-e some beneficial influence in the early postoperatix'e period. 
The longer the period of electrotherapy, the more closely do the frequency and sex'erity of 
contractures appro.ximate those in untreated animals. Electrotherapy fax'ors the dex-elo|>- 
ment of contractures in the unparalyzed antagonists of paralyzed muscles. It seems to 
retard the dissolution of contractures xx-hich occur after delayed suture. 

6. Spontaneous mox'ement of the animal after recox'erx- of function can serx’e to dissi- 
pate a contracture, no matter what influences tend to preserx'e it. 

7. Contractures are more frequent after section and suture of the sciatic nerx-e of 
cats, if the e.xtremity is immobilized, than if the extremitx- is permitted to be free. 
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DISLOCATION OF THE PISIFORM 

BY E. WILLIASI IJIMERMAXN, M.D., CHICAGO, ILLTXOIS 

Dislocation of the pisiform bone is a rare entit 3 ^ It is stiU more rare to have chronic 
recurrent dislocation of the pisiform. The case to be reported is believed to be the first 
complete description of such an entit^^ It warrants mention in ^’iew of the resulting dis- 
abilitj', and because of the difficulty in diagnosis. 

B}’- 1901, Fergusson, Erichsen, Gras, Buchanan, Barois, Oberst, and Eigenbrodt had 
reported cases of dislocation of the pisiform. Practicalty all of the cases antedated the 
discoveiy of roentgen raj's. Cohen states that Van der Donck, in 1899, reported a case of 
dislocation due to a fall, in which the roentgenogram “showed the pisiform between the 
radius, semilunar and cuneiform”. The bone was removed, and marked improvement of 
the disability resulted. Cotton, in 1910, reported a case in which a painful mobile pisiform 
followed a fall; the bone clicked with motion. There was also some sensorj’’ disturbance of 
the ulnar neiA^e. No mention was made of a roentgenogram or of reduction, and the case 
was lost sight of after several weeks of immobilization. 

Ozenne, in 1911, reported two cases. In the first case, the injury occurred secondarj^ to 
lifting. No roentgenograms were taken. Clinicalty, the pisiform was palpated at the 
styloid process of the ulna, creating a depression at the normal site of the pisiform. The 
dislocation was not corrected bj^ two weeks of immobilization. After six months, there was 
some limitation of adduction. In the second case, seen ten jmars after the injurj^ the dis- 
location had also resulted from lifting. 

Cohen, in 1922, reported the case of a boj- who dislocated his pisiform bj’’ a fall upon 
his hand. In addition, he received a backward displacement of the radial epiphj'sis. The 
A’siform was palpated at a higher level and was abnormalty mobile. A gauze pad, pulling 
distallj', was strapped over the pisiform, and the wrist was placed in flexion. Reduction of 
the pisiform was not determined, since the roentgenogram was not satisfactorj’^ for 
interpretation. After fifteen daj’-s, function was returning rapidty; but thereafter the 
patient failed to report. 

Mather, in 1924, reported a case in which, after the patient had lifted a weight, some- 
thing “gave” in the wwist. Mather stated that the roentgenograms showed the pisiform 
to be between the triangular bone and the ulna. The vuist was splinted in full flexion 
for three weeks. No mention was made of roentgenograms after reduction, or of manipula- 
tion to reduce the dislocation before application of the splint. Since the patient continued 
to have pain, the pisiform was removed. Complete return of function occurred in five 
weeks. 

Wagoner, in 1930, reported a dislocation of the pisiform secondarj^ to a fall on the 
hand. There were also fractures of the same area, involving the head of the radius and the 
tyloid process of the ulna. Wagoner stated that roentgenograms showed the pisiform to 
lave rotated through its upper pole, downward and inward. The dislocation was reduced 
mder general anaesthesia and bj' means of fluoroscopj', and the wrist was placed in a 
;ock-up splint. The result was excellent in five weeks. 

The pisiform bone lies in the proximal row of carpal bones and articulates dorsalty 
vith the triangular bone. The volar surface is roughened, offering attachment to the 
.ransversc carpal ligament, abductor digiti qiiinti, and fle.xor carpi uJnaris. The latter 
arolongatcs to form the pisohamate and pisometacarpal ligaments. The volar branch of 
the ulnar nerve and the ulnar arteiy pass lateral to the pisiform. 

Dislocation of tlie pisiform maj- result either from a direct injurj' or from muscular 
violence. In the cases reported, the ratio was two to one in favor of muscular force as an 
etiological agent. This force in all instances was manifested as the patient was in the 
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Fig. 1-A Fig. 1-B 

Fig. 1-A: Anteroposterior view of normal right wrist. 

Fig, 1-B: Anteroposterior view of left wrist, demonstrating dislocated pisiform. 



Fig. 2-A Fig. 2-B 

Fig. 2-A: Lateral view of right wrist, demonstrating normal position of pisiform. 
Fig. 2-B: Lateral view of loft wrist, denronstrating dislocation of pisiform. 


process of lifting a lieav}'' object. Perhaps this bone has a tendency to become dislocated, 
since it was never intended to function in man as part of the mechanism of lifting. In man 
the hand is no longer a means of locomotion and, therefore, the carpal bones have under- 
gone changes to conform to the new functional demand. Bizarro points out that the 
pisiform, which is the heel of the hand in the non-aquatic vertebrate, has become a regres- 
sive structure in man. An additional factor which should be taken into consideration is 
that one invariably fle.xes the wrist while lifting, which tends to draw the pisiform away 

from the triangular bone. . , , 

Clinically, following a dislocation, the pisiform is painfull^" displaced from its normal 
site leaving a depression. Fle.vion and adduction ma^" be painful, and there may bo exag- 
gerated mobility of the bone. The diagnosis can be confirmed by roentgenograms, with 
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the ulnar side of the wrist placed against the plate in about 15 degrees of supinated rota- 
Ition. One must bear in mind that in an acute or recurrent dislocation the bone may return 
/to its normal position, producing a negative roentgenogram. In the chronic case, where 
/ the patient complains of pain in the volar aspect of the wrist with a sensation of “gi\'ing 
way” upon lifting, duplication of the etiologj' may confirm the supposed diagnosis, as 
demonstrated in the case report. 


C.\SE REPORT 

The patient, a nincteen-ycar-old white male, entered the office with the complaint that he was unable to 
do hea\’}' lifting, because of pain in the volar aspect of his left wrist “when something jumped out of place”. 
When this happened, he stated, working the wrist up 
and down caused it “to jump back into place”. 

He experienced repeated episodes for nearlj’ six 
years, dating back to an episode of acute pain in the 
wrist when he was lifting a heaxy piece of lumber. A 
friend “snapped” his wrist, which seemed to correct the 
difficulty. He returned to work with moderate pain in 
the wrist, which subsided in time. 

In the past four years he had been examined by 
two phj'sicians, but nothing was found clinicalK' or b 3 ' 
roentgenogram, and the patient was discharged without 
treatment. During the course of such obseiwation his 
wrist was put in a cast for three weeks to relieve a 
possible tcnosj'no\'itis. 

Quite discouraged, he entered the office with this 
complaint. ClinicalK', the examination was essentially 
negative. He was asked if he could make this “some- 
thing” jump out of place. He forcibh' flexed and dorsi- 
flexed while dexdating his hand ulnarward. After flfteen 
minutes he suddenU' exclaimed; “There, it happened 
again”. Roentgenograms (Figs. 1-A, 1-B, 2-A, and 2-B) 

W'cre taken, confirming the clinical impression. Pain was 
present across the volar aspect of the wrist, especially 
in the area of the pisiform. The bone was displaced 
distalb', leaving a depression at its normal site. The 
wrist could be gentU' flexed and dorsiflexed without the bone being relocated. The patient forciblj' flexed the 
Wrist and reduced the displacement. It was found impossible to dislocate it with direct forceful digital pre.=- 
sure, even though there was a moderate degree of mobilit\' of the bone. 

The pisiform was shelled out surgicalh' (Fig 3) through a transverse incision directU- over the bone. 
The space occupied bj' the pisiform was closed so as to maintain the continuitj' of the flexor carpi ulnaris with 
the pisohamatc and pisometacarpal ligaments. Four weeks after operation the patient resumed hea\'y labor; 
he had no discomfort, and a full range of motion was possible. He was seen six months later; at that time the 
result was perfect. 



Fig. 3 

Lateral ■view, after removal of the pisiform. 


TRE.\TMENT 

In an acute dislocation with the wrist in flexion, the bone should be manipulated into 
place. An anterior molded plaster splint should be applied, with the wrist in dorsiflexion 
(30 to 40 degrees) and radial deviation for eighteen to twenty-one days. This position 
rigidly fixes the pisiform. In an acute case where the disability remains after splinting, or 
in a chronic case, surgical excision is recommended. 

SC3IM.ARV 

1. Dislocation of the pisiform is rare. Volar pain in the wrist with the sensation of 
‘something going out of place" may indicate a dislocating pisiform. 

2. Dislocation of the pisiform is caused either by muscular violence or direct injun-. 

3. The pisiform is a regressive structure in man, but forms the heel of the hand in the 
non-aquatic vertebrate. 

■1. In acute cases of dislocation which do not respond to splinting, and in chronic 
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cases, surgical excision is indicated. Removal of the bone in no way interferes with the 
normal function of the wrist. 

I 
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COMPRESSION OF THE SPINAL CORD DUE TO DIRECT EXTENSION 
FROM A TUBERCULOUS PULMONARY ABSCESS 

BY .JOHN R. NORCROSS, M.D., CHICAGO, ILLINOIS 

Compression of the spinal cord by a tuberculous abscess in conjunction with tuber- 
culous spondylitis is a well-known entity. The usual beginning of such a lesion is a focus 
in the body of one or more vertebrae, with the resultant abscess formation, which pro- 
trudes posteriorly through the intervertebral disc and causes pressure on the posterior 
longitudinal ligament. The abscess ma}'' also perforate this ligament and gain access to the 
canal. 

Tuberculous spond5’'litis has alwa.ys been considered a secondaiy lesion, due to a 
tymphatic extension or to a blood-borne infection. Tuberculous abscesses arising from the 
upper thoracic spine have frequently been known to rupture into the pleura/ cavity or into 
the lung. While tuberculous joints may become involved by direct extension from adjacent 
tissues, such as infected tendon sheaths or bur.sac, direct extension to the spinal canal and 
its contents from an adjacent focus is exceedingly rare. 
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A comprehensive review of the literature has disclosed verj' Uttle mention of such a 
jprocess. Alpers and Palmer reported one case in 1934, which was practicalh’ identical to 
/the first case in this paper. Eaton and Rogers, in 1938, also reported one case of transverse 
! myelitis, caused b}' pressure from a lung abscess. W'ith the exception of these instances, 
no reports have been found. 

The following two cases of compression of the spinal cord as a result of direct e.xtension 
from a pulmonarj' lesion, without the usual picture of Pott's disease, presented a true 
diagnostic problem. It is usually felt that a destruction of the pedicle shadows, as seen in 
the roentgenograms of the first case, is the result of a tumor of intraspinal origin, rather 
than the result of an infectious lesion from without. 

C.^SE 1 (No. 1753). R. A., a thirty-y ear-old white male, was admitted to the sanatorium on December 9, 
1943. He stated that in July 1942 he had suffered an attack of pleurisy on the right side. Since that date, 
he had been forced to seek a lighter tj^je of work. In July 1943, he consulted a physician, who made a 
diagnosis of tuberculosis of the right lung. On July 29, 1943, a right pneumothorax was induced, but the 
patient’s condition became progressively worse. On November 17, 1943, he noticed a sense of weakness in 
the left leg, associated with numbness, which became progressively worse. About two weeks later, he noticed 
similar S 3 Tnptoms in the right lower extremit\*. On admission, the examination revealed complete spastic 
paralysis of both lower extremities. The deep reflexes of the upper extremities were hj-peractive, and the knee 
jerks and ankle jerks were each four plus. The Babinski sign was present bilaterally, and there was sustained 
ankle clonus on both sides. The abdominal and cremasteric reflexes were absent. There was some hj^po- 
aesthesia below the nipple line, with tenderness at the level of the spinous processes of the third and fourth 
thoracic vertebrae. 

The laboratory findings showed the Kahn reaction to be negative. The sedimentation rate was nineteen 
millimeters in fifteen minutes and twentj--six millimeters in thirty minutes. The stomach washings were 
positive for the tubercle bacillus. Otherwise, the routine tests were normal. A spinal puncture revealed clear 
fluid with an initial pressure of twenty-four centimeters. There was no rise or fall of pressure after com- 
pression of the jugular veins. 

Roentgenograms showed destruction of a portion of the third and fourth ribs on the right, posteriorly, 
at the juncture noth the spine, and a destruction of the pedicle shadows of the third and fourth thoracic 
^■e^tcbrae on the right (Fig. 1-A). However, there was no roentgenographic evidence that this patient had 
true Pott’s disease. 

It was obvious that a destructive lesion of some form was present at the level of the third and fourth 
thoracic vertebrae, ikn exploratory' operation, performed shortly after admission, showed partial destruction 
of the lamina of the third thoracic vertebra on the right side. Some of this tissue was removed from between 
the second and third laminae for frozen-section study. This tissue was typical tuberculous granulation tissue. 
It was apparent that the patient had a tuberculous lesion, involving the spinal cord. 

The patient died on Februarj' 27, 1944, and a complete autopsy was performed. The essential findings 
were a cavity in the base of the right upper lung lobe, extending posteriorly through both pleural layers into 
the body wall. A tuberculous caseous tract followed along the third and fourth ribs, destroying a portion of 
each of these ribs and also the pedicles of the third and fourth thoracic vertebrae on the right side. It ex- 
tended through the intervertebral foramen into the spinal canal and enveloped the spinal cord (Fig. 1-B). 
The cord was irregularly compressed by a caseous mass which invaded the dura. The cord above and below 
this lesion was normal. 


These findings demonstrate very clearly that a tuberculous transverse myelitis can 
occur as a result of direct extension from an adjacent focus. 

Case 2 (No. 1981). J. L., a twelve-year-old Mexican boy, entered the sanatorium on June 2, 1944, be- 
cause of pulraonaiy tuberculosis. Shortly after admission a large cold abscess developed on his back to the 
right of the mid-line, at the level of the upper thoracic spine. The pus was aspirated on frequent occasions, 
and the tubercle bacillus was found in this material. Repeated roentgenograms of the thoracic spine failed 
to show any evidence of destruction of the vertebrae (Fig. 2-.\), as is characteristic of tuberculous spondvUtis. 

In March 1940, the patient began to show signs of paraplegia. The lower extremities eventually became 
completely paralyzed, a-ith an increase in the deep reflexes and an absence of the superficial reflexes. The 
Babinski sign w.as present. There was loss of scn.=ation below the level of the fifth thoracic vertebra. The pa- 
tient died on June 12, 1940, and again a complete autopsy was performed. 

The essential autopsy findings were as follows; The left lung was free in the pleural cavity; the right 
ung was adherent throughout, cspeci.ally at the apex, where there was a dry, caseating subpleural sinus 
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Fig. 2-A Fig. 2-C 


Fig. 2-A: Case 2. A lateral roentgenogram of the thoracic spine, which shows no e^ndence of a de- 
structive lesion of the vertebral bodies. 

Fig. 2-B; Postmortem specimen of lungs, showing tuberculous caseous tract. 

Fig. 2-C: Microscopic section shows caseous mass in upper portion, marked thiekening of the dura, 
and pressure on the spinal cord. 


(Fig. 2-B). This sinus extended laterally around to the back, involved the spinous processes of the third, 
fourth, and fifth thoracic vertebrae, extended through the intcn-ertebral foramina into the casal, and caused 
compression of the spinal cord at this level ^Fig. 2-C). On the thoracic surface of the spinal cord was a large 
tuberculous caseous mass which had not invaded the cord, but which had caused a marked thickening of the 
dura and had thus compressed the cord. 
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MORTON’S METATARSALGIA 


BY HARRY WINKLER, M.D., JOHN B. PELTNER, M.D.,* AND PAUL KIMMELSTIEL, M.D., 

CHARLOTTE, NORTH CAROLINA 

This report is based on the clinical and pathological findings recorded in twenty 
cases of Morton’s metatarsalgia, treated at the Charlotte Memorial Hospital during the 
past three and one-half years. 

As long ago as 1876, Morton of Philadelphia reported that certain cases of metatarsal 
pain fell into a specific group. This syndrome of plantar metatarsal pain has come to 
be known as Morton’s toe. Morton’s original explanation was that this condition was due 
to a disturbance in the fourth metatarsophalangeal articulation, or possibly to pinching 
of the digital branches of the lateral plantar nerve between the fourth and fifth meta- 
tarsal heads, because of the great mobility and play of the fifth metatarsal. 

Betts described this syndrome in 1940 as one associated vdth a change in the fourth 
plantar digital nerve. He ascribed the condition to a stretching and irritation of this 
nerve, which differs anatomically from the other plantar digital nerves in that it has a 
double origin, — one branch from the medial plantar nerve and one branch from the 
lateral plantar nerve. After anastomosing, the nerve, as described by Baker and Kuhn, 
“continues distally between the flexor bx-evis muscle and the plantar aponeurosis just 
proximal to the heads of the metatarsals, whei’e it penetrates the aponeurosis and passes 
beneath the transverse metatarsal ligament. Just distal to the ligament it turns upward 
into the web space between the third and fourth toes, where it divides into the medial 
and lateral branches which supply the adjacent sides of the third and foui’th toes.” 

Betts theorized that, because this nerve was thicker and more fixed, it was thus prone 
to stretching and irritation during dorsiflexion of the foot. 

McElvenny brought this syndrome, with its modern etiological conception, before the' 
medical profession in 1943. He found that surgical treatment of this syndrome — that is, 
excision of the tumor between the third and fourth toes at the plantar level of the bases 
of the proximal phalanges — gave relief. 

In 1944, Baker and Kuhn of Duke Univei’sity reported eighteen dissections on cadav- 
era and found the anatomical I’elationship previously repoi’ted by Betts. They also re- 
ported a series of fourteen opei’ations on eleven patients (three of the patients had bilateral 
pain) . 

Authors of textbooks of anatomy desciibe the medial plantar nerve as terminating 
in four plantar digital nei’ves, the first supplying the medial side of the great toe, the 
second supplying the opposing faces of the big toe and the second toe, the third supplying 
the opposing faces between the second and third toes, and the fourth supplying the 
opposing faces of the third and foui’th toes. The lateral plantar nerve ends in two terminal 
bi’anches, the medial one supplying the intei’val between the fourth and fifth toes and 
the lateral one supplying the latei-al poi’tion of the little toe. Thus the dissections by 
Betts and by Baker and Kuhn show more clearly why the interspace between the third 
and foui’th metatarsal heads, supplied by the fourth plantar digital nerve (which is 
composed of branches from both latei’al and medial plantar nerves), is the site of the 
majority of these iri’itative lesions of the plantar digital nerves. 

In renewing the I’ecords of the twenty cases ti’eated at Charlotte Memorial Ho.spital, 
we find that the patients usually have had the s 3 ’^mptoms for some time, and have already 
tried various measures to relieve the pain, without success. The pain is described as being 
localized near the fourth metatarsal head, sometimes radiating up the leg. It is often 
so intense that the patient has to take off his shoe to rub or press the painful area. In 
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addition, tingling and numbness of the third and fourth toes maj’^ be noted. Examination 
reveals a normal-appearing foot. There is localized tenderness on pressure in the region 
between the third and fourth metatarsal heads, sometimes more intense on the plantar 
surface and sometimes on the dorsal surface. Sensorj" changes maj^ be present in the 
third and fourth toes. A nodule can occasionally be palpated deep in the third web space. 
Roentgenograms fail to show eiddence of abnormalitjL 

In this series of twenty cases, there were no complications. Two patients had de- 
layed healing of the incision, but made uneventful recoveries. There have been no un- 
toward consequences as a result of sectioning this neiw^e, and no painful neuromata; no 
trophic disturbances have developed. 

There is little variation in the clinical symptoms presented, so that it is possible to 
predict with fair accuracy that a patient with typical sjmptoms wiU receive relief only 
from operation. 

Because of the similarity of these cases, only one is summarized to illustrate this 
condition. 

W. E. P. The patient was a white housemfe, twent 3 '-six j'ears of age. Exquisite, lancinating pain had 
been present in the region of the third and fourth toes of the right foot for at least a j-ear before the patient 
was seen. There was tingling of the third and fourth toes. Xo relief had been obtained from changes of shoes, 
or from the use of metatarsal pads, arch supports, or metatarsal bars. 

Examination of the foot showed no alteration of normal contour. There was tenderness on firm pressure 
in the area between the third and fourth metatarsal heads, with slight radiation and numbness on the outer 
aspect of the third toe and the medial aspect of the fourth toe. A roentgenogram of the fore part of the foot 
was essentiallj’ negative. 

An operation was performed on Xovember 8, 1943. With the use of sodium pentothal anaesthesia and 
an Esmarch bandage, a small longitudinal incision was made on the dorsum of the foot, over the interspace 
betweeuithe third and fourth metatarsal heads. Upon separation and dissection of the fattj’ tissue, the fourth 
plantar digital nerve was found to have a nodular enlargement as it emerged from the plantar fascia. This 
was resected, with about half an inch of the nerve. 

X The postoperative course was quite satisfactory. The patient was dismissed from the Hospital on 
Xot'ember 13, with a protective dressing. On Xovember 18, when the sutures were removed, the wound had 
healed, and the patient was given a split shoe for walking. She was apparently completelj’ relieved of her 
symptoms. 

On Februarj' 2, 1947, the patient reported to the office with a complaint of low-back difficultj'. Inquiry 
was made about the foot, and the patient could not remember at first which foot had been operated upon. 
She stated that she was completely free of symptoms, that she carried on normal housework, and had had 
two children in the interval since her operation. 

PATHOLOGICAL FINDINGS 

The gross examination of all the specimens revealed a marked fusiform thickening 
of the plantar nerve. No attempts were made to determine accurately the diameter, since 
it was obvious that a good deal of fat and connective tissue had been removed with the 
nerve. A definite line of cleavage between the tumorous swelling of the ners'e and the 
surrounding tissue could not be detected. 

Histological sections showed similar changes in all cases, consisting of massive thick- 
ening of the connective-tissue elements of the nerve. Extreme fibrosis and h 3 mlinization 
of the perineurium were found consistentty in all instances, but in most of them the 
process also extended into the endoneurium, thus separating nerx'e bundles as well as 
nerve fibers from each other (Figs. 1, 2, 3, and 4). Perineurium and epineurium blended 
imperceptibly into the adjacent connective tissue. Attempts to demonstrate changes in 
the nerve fibers bj' mj’^elin-sheath stains did not jdeld conclusive exddence, although 
changes were noted which were suggestive of degeneration. Fat-laden macrophages were 
absent. 

The increased amount of collagenous connective tissue was characterized bi' relative 
p.aucity of nvicloi, and was not suggestive of new growth. There was no exddence of pro- 
1 oration of Schwann's cells. Inflammatorj' infiltration was absent, but occasionally iron- 
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CONCLUSIONS 

The authors’ findings agree essentially with those of Baker and Kuhn. We did not* 
find changes which could be interpreted as evidence of active proliferation of either nerve 
tissue or connective tissue. The deposition of hyaline and collagenous material in itself 
accounts for the enlargement, in our opinion. We believe, therefore, that the process is 
essentially degenerative in nature, trauma being its most probable cause. 
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THE pH of THE SYNOVIAL FLUID IN THE ANAESTHETIZED DOG 
UNDER TREATMENT WITH METRAZOL OR INSULIN^ 

BY IRVING E. STECK, M.D., NORMAN R. JOSEPH, PH.D., AND C. I. REED, PH.D. 

CHICAGO, ILLINOIS 


From the Departments of Medicine and Physiology, University of 
Illinois, Chicago Professional Colleges, Chicago 


Exchanges of electrolytes between the synovial cavity, blood, and interstitial fluids 
depend upon changes of electrolyte concentration of these fluids, and also upon autonomic 
activation of the vascular system in surrounding tissues Muscle activity results in low- 
ering the pH of synovial fluid by the formation of acid metabolites. In periods of rest 
following muscle activity, the pH returns approximately to the original resting level, the 
rate of recoveiy depending upon the state of the circulation as determined by autonomic 
regulation. 

As part of a systematic study of the effects of autonomic and central controls over 
synovial fluid, the investigation described here was planned to determine the pH of syno- 
vial fluid in vivo after the administration of metrazol or insulin. The purpose is to define 
the effects of the resulting convulsions on the pH of the blood and synovial fluid in animals 
with intact nervous systems. The pH changes are related to systemic conditions in both 
the pre-convulsive and activelj^ convulsive phases of the drug action. The comparison of 
blood and s3mo\aal-fluid pH indicates the nature of electrobTe exchanges between these 
fluids in the two phases. 


♦The expenses of this investigation were in part defrayed by the Arthritis Kcsearcli Project of tlie I ni- 

'yi’pSrjy report ot .hij rvorl; pr.^ot.d befop,- the A.oriran Pl.yriolopic.l Sorioty, M.y 
1947; and an abstract was published in lederation Proceedings, 6; 211, miv. 
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TABLE I 


Mf.tkazol CoNvtnLsioNs IN Dog No. 3 * 


Time 

(Minutes) 

pH in 

Left Knee Joint 

pH in 

Left Femoral Vein 

2 


7.49 

3 • 


7.47 

4 


7.46 

414 


7.46 

514 


7.50 

6 


7.46 

8 

7.41 


10 

7 34 


1014 

7.34 


12 


7.46 

14 


7.44 

16 

7 39 


1614 


7.46 

IS 

7.38 


1914 


7.46 

21 

Injection of metrazol (6 cubic centimeters of 

10 per cent, metrazol in sodium citrate) 


2114 

7 40 


2214 

7 40 


23 

Convulsions 


2614 

7 27 

7.34 

2714 


7.30 

29 

7.20 


30 


7.33 

32 

7.17 


‘ 34 


7.30 

35 

7.11 


38 

7.10 


40 

7 14 


45 


7 35 


* This dog weighed 22 pounds; nembutal was used as anaesthetic. 

. EXFERI.MENTS 

The method of determining in vivo the pH of blood and sjmotTal fluid in dogs has 
previously been described in detail Needle reference electrodes were inserted into 
an exposed femoral vein and into the knee-joint cavitj' on the same side. Capillary glass 
electrodes were immediately inserted into the needles, and readings of electromotive 
force were made over a period of ten or fifteen minutes until several consecutive readings 
agreed within two or three millivolts for any given pair of electrodes. Metrazol or insulin 
was then injected into the heart, and pH readings were made at frequent inten-als in the 
femoral venous blood and in' the synovial fluid on the corresponding side. These were con- 
tmued through both the pre-convulsive and convulsive stages for each of the two drugs. 
All dogs were anaesthetized with nembutal. 

Complete records for two different dogs, one treated vith metrazol and one with insulin, 
are presented in Tables 1 and II. Results are illustrated graphically in Figure 1 for metrazol, 
and in Figure 2 for insulin. 
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solution, was injected in sufficient quantity to cause convulsions. In several instance! 
two or three injections were required, the first one sometimes resulting only in musch 
tremors or increased muscle rigidity. Results on six of the animals arc presented in Fignn 
1, 1. In every experiment, after the onset of convulsions, there was a sharp fall in pH in the 
synovial fluid and a much less pronounced fall in blood pH. In the pre-convulsive stages, 



after the injection of the drug, 
there appeared to be no sig- 
nificant changes in the pH of 
either fluid. However, immedi- 
atel 3 ’’ after the beginning of 
convulsions, marked changes 



Fig. 1 

Responses to metrazol. The maximum depression of the pH usually tended to appear later in 
the synovial fluid than in the blood; it was of greater magnitude and returned to the previous level 
more slowlJ^ 


in the pH occurred in the direction of increased acidity. In most of the cases, the blood pH 
varied within a range of about 0.15 after the injection of metrazol, while the synovial-fluid 
pH was observed to vary over two to four times that range. There was no marked parallel^ 
ism between the two. 

In Table III, the results for six animals are shown, expressed in a different manner. 
The resting pH is given for both blood and joint fluid, together with the pH at the maximal 
displacement and the time of the maximal displacement, measured from the first injection. 

In most of the cases the 
maximal change of joint pH 
was about two or three times 
as large as the maximal change 
of blood pH, and it usuall}'^ 
occurred at a later phase of 
the convulsions. The results 


pH 

750 - 

740 

730 - 

720 

710 - 

700 

690 

660 

750 

740 

730 

720 

710 

700 


I c 


V 

• — * " Blood 7 

• Joint 

S 

i S 5 


1 - Insulin 

C- Convulsions \ 

S- Spasms ^ 


9 

10 



I - Insulin V 

C-Convulstons 
S- .Spasms 



40 


80 120 


160 

Time m minutes 


80 120 160 200 


40 80 IZO 160 

Time m mmutoj 


200 


Fig. 2 

Tim remionPCS to insulin were of lc.<< magnitude in both fluid and blood, aritl tended to lie paiallel. 

•\.Fo the pH was less regular in both sites. Insulin convulsions were le.ss effective than those duo 

to metrazol. 
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TABLE II 

Ixsnux Convulsions in Dog Xo. 7 * 


Time 

(Minnies) 

I)H in 

Right Knee Joint 

■ pH in 

Right Femoral Vein 

1 

7.24 


2 

7.29 


3 


7.43 

4 


7.39 

5 

7.33 


6 


7.37 

S 

7.34 


10 

7.32 


12 


7.. 39 

13 


7.. 38 

14 

7.32 


15 

7.32 

7.. 38 

20 

7.32 

7.. 38 

21M 

Injection of insulin (200 units) 


25 

7.32 

7.36 

30 

7.34 

7.38 

35 

7.35 

7.41 

40 

7.33 

7.40 

45 

7.35 

7.41 

50 

7.35 

7.39 

55 

7.38 . 

7.36 

60 

7.36 

7.35 

65 

7.38 

7.33 

70 

7.38 

7.36 

75 

7.37 

7.36 

SO 

7.35 

7.36 

85 

7.34 

7.35 

90 


7.36 

95 

7.30 

7.33 

100 

7.31 

7.35 

105 

7.29 

7.37 

110 

7.31 

7.37 

115 

7.30 

7.35 

120 


7.32 

125 

7.33 

7.31 

130 


7.32 

130 

Onset of convulsions 


135 

7.30 

7.31 

140 

7.20 

7.29 

145 

7.15 

7.24 

150 

7.12 

7.2S 

1.55 

7.12 

7.. 30 


* This dog weighed 25 pounds; nembutal anaesthesia was used. 

plotted in Figure 1 , 1 indicate that the joint pH progressively’ became more acid than the 
blood pH. 

2. Insulin 

The effects on blood and joint pH of convulsions induced by insulin were determined 
on six dogs, anaesthetized with nembutal. The results of these experiments, presented 
graphically in Figure 2, show the variations of pH over a period of time, including a com- 
paratively long prc-convulsive period and a period of active spasms and convul.'ions. 
After administration of insulin, as also following injection of metrazol. muscle activitv. 
manifested in spasms or convulsions, resulted in lowering of the pH of both blood and 
joint huid. The variations of joint pH were generally greater than those of the venous blood. 
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TABLE III 


Displacement op pH of Blood and of Joint Fluid after Injection of Metrazol 


1 

Dog ! 

No. 

Blood 

1 

*pH 

Joint pH 

Time from Injection of Drug 
to Maximal Displacement 

Resting 

Displaced 

Resting 

1 

Displaced 

Blood 

(Minutes) 

Joint 

(Minutes) 

1 

7.29 

7.20 


6.73 

26 

36 

2 

7.36 

7.16 


6.99 

14 

21 

3 

7.46 

7.30 


7.10 

7 

17 

4 

7.40 

7.27 


7.00 

32 

38 

5 

7.32 

7.19 


7.15 

12 

8 

6 

7.46 

7.37 


7.19 

8 

26 


* Femoral vein. 


There was little tendency for the joint pH to follow closely the variations of blood pH. 
It was observed that pH changes of both fluids were most pronounced whenever vigorous 
muscle movements occurred during spasms or convulsions. 

As in the series of metrazol experiments, it was observed that the range of variability of 
synovial-fluid pH was greater than that of blood pH. During insulin convulsions, the blood 
pH rarely fell more than 0.2 below the resting level. The pH of synovial fluid during 
severe convulsions often deviated from the resting value by about 0.4 or 0.5 unit. On the 
whole, in insulin convulsions, there appears to be a more distinct parallelism between the 
curves of blood pH and joint pH than in the experiments with metrazol. With neither 
drug, however, can any highly correlated parallelism be observed. There was a tendency 
in each of the experiments Avith insulin for both pH curves to pass through a series of 
roughly corresponding maxima and minima, the sharpest minima occurring immediately 
after periods of muscle spasms or convulsions. The general trend, plotted over a period of 
two to three hours, however, showed a tendency for the joint pH to become considerably 
more acid than the blood pH. This tendency is similar to that observed in the metrazol 
series, where, however, the effects u^ere more acute and appeared in a much shorter time. 


DISCUSSION 

In an earlier investigation it was found that, following femoral-nerve stimulation 
and muscle contraction, the pH of the synovial fluid and that of the femoral venous 
blood fell immediately; the blood pH recovered in a few minutes, while the pH of the joint 
fluid often remained acid for a much longer time. These effects are in contrast to those ob- 
served after the intravenous injection of dilute acids, ivhen the blood pH rapidly de- 
creased, passing through a minimum and approaching the original level within a few 
minutes. The pH of the synovial fluid, however, decreased much more slowly and by a 
smaller amount, reaching a minimum considerably later and recovering much more slowly 
than the blood pH. It Avas pointed out that acid metabolites, produced in the tissues, AA'cre 
transferred to synovial fluid more rapidly than acids injected into the circulation. This fact 
points to a close relationship betAA^een synovial fluid and tissue fluid. The capillary circula- 
tion also must be considered to exchange AA'ater and electrolytes AAuth both sjmovial fluid 
and tissue fluid. These exchanges AA’ould depend not only on differences in concentrations 
of various diffusible ions and of the colloids in the fluids, but also on membrane permeabili- 
ties and on hydrostatic pressure gradients. A considerable number of physiological, as well 
as phj^sicochemical, factors must thus be inArnh'-ed in the situation. These considerations 
<1 CTree Avell Avith the conclusions reached by Bauer, Ropes, and Waine. 

The results described in the series of experiments AAuth metrazol and insu in arc con- 
sistent AAuth this conception of the problem. Acid metabolites produced during muscle 
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activity appear to have been transferred rapidlj' to the joint ca\dty \vithout the mediation 
of the capillarj’’ circulation. The joint pH thus fell rapidh' after severe muscle spasms or 
T /con\'ulsions. This effect is in contrast vdth the pre^'ioush' observed delayed response of 
I I joint pH to dilute acids injected into the circulation. The relativelj^ large pH changes in 
the syno^^al fluid, as compared v*ith those of the femoral vein, also indicate that the 
s}Tio\ial-fluid pH is determined b3’ electrolj’t-es produced in the active tissues, which are 
almost immediatelj' transferred to the joint cavity. Recoverj' of the pH after displacement 
depends upon circulatorj^ removal of the accumulated metabolites during the resting phase. 

In the observations that have been reported, the rate of recoverj'' in the resting phase 
is invariabty slower than the rate of pH displacement in the periods of muscle acthdty. 
These obsersmtions thus agree with earlier ones which indicated that the joint pH is more 
rapidlj' lowered bj' acids produced in the tissues than bj' acids injected into the circulation. 
Diffusion of hj'drogen ions between the joint camty and the capillaries appears to be a 
slower process than diffusion between the tissue fluids and the joint ca\'ity. 

SUMiLVRY 

This paper reports the results of alterations in the pH of sj'notyal fluid and of blood of 
dogs anaesthetized with nembutal, in response to agents producing extreme muscle 
actmty. 

The intravenous administration of metrazol, in doses producing commlsions, resulted 
in a more pronounced decrease in the pH of sjmomal fluid than in that of blood. This 
difference was progressivelj' developed to a maximum stage somewhat later than in blood. 

The injection of insulin produced similar, but less pronounced, results, although the 
graphs were less smooth and regular and there was better correlation between the altera- 
tions of pH in the two fluids. 
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MECHANICAL RETARDATION OF BONE GROWTH 

JBY S. L. HAAS, M.D., SAN FRANCISCO, CALIFORNIA 
From the Surgical Lahoralonj, Stanford Medical School, San Francisco 

In a previous papei'i, a method was presented for the retardation of bone growth by 
means of a loop of wire, encircling the epiphyseal cartilaginous plate. Ihe loop of wire 
prevented the epiphj’-sis from being advanced forward, as occurs normally after the laying 
down of new bone in the metaphyseal-epiphyseal region. It was found that the restraining 
power of the Avire loop did not permanently destroy the proliferative properties of the 
columns of cartilage cells of the epiphyseal plate, and bone groAvth Avas resumed after the 
release of this hindering force. It AA^as also shoA\m that a loop of Avire around one side of an 
epiphyseal cartilaginous plate restricted groAvth on the side of its insertion, AAoth a resulting 
asymmetrical groAA'th at that articular end of the bone. 

Although the cartilaginous plate AA'^as restrained onlj'- temporarily, the question arose 
as to Avhether or not there Avas any loss in relatiA'-e actiAdtj”- as compared Avith the normal 
rate of groAvth. The question aa^s also asked as to AAFether or not premature closure of 
the plate might take place, due to the temporaiy mechanical brake. 

In an endeaAmr to solve some of the problems of gi-oAAdh, a series of experiments AA^ere 
performed on groAAung dogs. In this series, staples AA^ere used instead of the AA'ire loop. In 
one set of experiments, the staples AAwe insei’ted on both sides of the plates and AA'ere 
alloAA'-ed to remain in position until the termination of the experiment. In another series, 
the staples AA^ere removed after the lapse of a certain length of time, and groAvth studies 
Avere continued until the end of the experiment. In other experiments, staples AA^ere inserted 
on only one side of the cartilaginous plate. 

Some interesting findings AA’-ere obtained from these experiments, AAFich may be of 
practical significance. These findings Avill be discussed after the results of the operations 
have been reported. 

I. STAPLES ON BOTH SIDES OF EPIPHYSEAL CARTILAOINOU3 PLATE 
Experiment 1, Dog 4 

Method: Staples AA^ere inserted laterally and medially across the distal epiph 3 '’seal 
plate of the right radius. 

Result: Forty-six days later, the groAAAh of the normal left radius AA'as 2.2 centimeters. 
The groAAdh of the bone on the side operated upon aa'us 1.4 centimeters. The loss of groAAdh 
Aims 0.8 centimeter. 

Experiment 2, Dog 5 

Method: A staple aa'us driven across the distal epiplyseal plate of the left femur, both 
laterally and medially. 

Result: One hundred and forty-one days later, the groAvth of the normal femur aa'us 
1.8 centimeters. The groAA’th of the femur AA'hich had been operated upon aa’us 0.8 centi- 
meter. The loss of groAA'th AA-as 1.0 centimeter. 

Experiment S, Dog 6 

Method: A staple AA'as placed on both the lateral and medial aspects of the pro.ximal 

epiphyseal plate of the left tibia. ,, , , 

Residt: Forty-fiA'c daj^s later, there AA-as 0.5 centimeter of diffei’cncc betA\-een the length 
of the normal tibia and of that Avhich had been operated upon. The staples had not been 

inserted A-erj- firmly. 
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Fig. 1 Fig. 2 


Fig. 1; Experiment 4, Dog 7. Long staples were inserted on both the lateral and medial aspects of the 
epiphyseal plate. There was growth of 1.4 centimeters on the normal side and 0.5 centimeter on the 
side of the inserted staples. 

Fig. 2: Experiment 5, Dog 1. Staples were inserted over the lateral and medial aspects of the distal 
epiphyseal cartilaginous plate. Growth on the normal side at the end of seventy-seven days was 3.2 
> centimeters; growth on the side which had been operated upon was 1.6 centimeters. There was no de- 
formity at the articular surface. The staples were removed at the end of this period. 

i^xperimenf 4, Dog 7 

Method: Staples were inserted both medially and laterally across the distal epiphyseal 
date of the left femur. 

Result: Two hundred and five days later, growth of the right femur was l.-l centi- 
neters. The growth of the femur which had been stapled was 0.5 centimeter. There was 
OSS of growth of 0.9 centimeter (Fig. 1). 

himmary of the Residis with Bilateral Staples 

There was an arrest of length growTh in every case in which staples had been inserted 
)n both sides of the epiphj'seal cartilaginous plate. The amount of growth from the 
iroximal epiphyseal cartilaginous plate was greater than one would anticipate from the 
lormal ratio of 3 to 1 . There is a possibility of compensatory growth from the non-arrested 
;piphyseal plate. 

n. STAPLES INSERTED ON BOTH SIDES OF THE EPIPHYSEAL PL.\TE AND REMOVED LATER 

Experiment 5, Dog 1 

Method: Staples were inserted both medially and laterally across the distal epipliyseal 
plate of the right radius. Thei' were removed at the end of seventy-seven days; observa- 
tions were continued for 185 days (Fig. 2). 

Result: 

F rom Reinoi nl of Staples 
.4/ 77 Days to IS5lh Day 

Growth of normal r.Kliu* 3.2 centimeter^ 1.1 centimeters 

Growth on ^ide which hail been openiteil upon l.Gcenf.rncter- O.S centimeter 
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After removal of the staples, the relative growth was 1.4 to 1; while before removal it 
had been 2 to 1. This was a considerable increase in growth rate, but it was not so active' 
as the normal after removal of the restraining force. 

Experiment 6, Dog 2 

Method: Staples were inserted medially and laterally across the distal epiphyseal 
plate of the right radius. At the end of eighty-four days the staples were removed; the 
experiment was continued for 143 days. 

Result: 

From Removal of Staples 
At 84 Days to 143rd Day 

Growth of normal radius 3.4 centimeters 0.7 centimeter 

Growth on side which had been operated upon 1.9 centimeters 0.4 centimeter 

There were signs of earlier ossification on the side which had been operated upon, 
suggesting an injury to the plate. This might account for the failure of increase in rate 
after removal of the restraining force. 

Experiment 7, Dog 9 

Method: Two staples were inserted on both the medial and lateral aspects of the distal 
epiphyseal cartilaginous plate of the right femur. They were removed at the end of eighty 
days. The experiment was continued until the one hundred and eighty-seventh day. 
Result: 

From Removal of Staples 
At 80 Days to 187th Day 

Growth of normal bone 2.6 centimeters 0.9 centimeter 

Growth of bone on side operated upon 1.4 centimeters 0.4 centimeter 

There was a little acceleration in the rate of growth after removal of the staples. Con- 
siderable difficulty was experienced in removing the staples, with some injuiy to the bone 
in the region of the plate, 

Experiment 8, Dog 8 

Method: Two staples were inserted across both the medial and lateral aspects of the 
distal epiphyseal plate of the right femur. They were removed after ninety days, and the 
experiment was continued for 348 days. 

Result: 

From Removal of Staples 
At 90 Days to 348th Day 

- Growth of normal bone 3.5 centimeters 1.5 centimeters 

Growth of bone on side operated upon 2.0 centimeters 1.0 centimeter 

The rate of growth of 1.7 to 1 was increased to 1.5 to 1. The animal was near the end 
of the growth period at the time the staples Avere removed. 

Summary of Results ivith Staples on Both Sides of the Plate, Subsequently Removed 

There AA^as an arrest of groAvth at the epiphyseal plate Avhich had been operated upon, 
up to the time of removal of the staples. The rate of groAA^th increased after removal of the 
staples, but it AA^as not so rapid as the normal rate of groAA’-th. There is the possibility of 
injuring the plate AA'hen removing the staples, and of disturbance in circulation, Avhich may 
hinder the function of the epiph3^seal plate. 

III. STAPLES PLACED ON ONLY ONE SIDE OF EPIPHA'SEAL CARTILAGINOUS PLATE 

Experiment 9, Dog 1 • i , i i f f 

Method: Taa'O staples Avere placed across the lateral aspect of the cpiphj'scal plate at 

the distal end of the left femur. 

Resxdt: Taa'o hundred and fiftj^-nine daj's later there Avas a difference of 0.0 centimeter 
in length of the tAvo bones; the loss Avas 1.3 centimeters during the hnst 100 days, he hip 
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became dislocated during the experimental period, which may explain the difference in 
rate of growth. 

Experiment 10, Dog 2 

^ Method: Two staples were placed across the lateral epiphj'seal plate at the distal end 
of the left femur. 

Result: Three hundred and six days later the growth of the normal medial and lateral 
condyles was 2.3 centimeters. There was only 2.0 centimeters of grovv'th of the medial 
condyle and 1.5 centimeters of growth of the lateral condyle of the bone which had been 
operated upon. This represents a growth loss of 0.3 centimeter of the medial condyle and 
0.8 centimeter of the lateral condyle of the femur which had been operated upon. 


Experiment 1 1 , Dog 3 

Method: Two staples were placed across the lateral aspect of the epiphyseal plate at 
the distal end of the right radius. One staple was removed after eighty-four days; the 


experiment was continued for 202 days. 
Result: 

yormal bone growth 

Growth of bone operated upon 

Medial 

Lateral 


At 84 Days 
■i.O centimeters 

2.9 centimeters 
2.5 centimeters 


At 202 Days 

5.0 centimeters 

3.7 centimeters 

3.1 centimeters 



Fig. 3 Fig. 4 


Fig. 3; Experiment 1 1, Dog 3. Staples were placed on the lateral aspect of the epiphyseal plate of the 
distal end of the right radius. 

Growth of the normal bone at the end of eighty-four days was 4.0 centimeters. Growth on the medial 
side of the bone which had been operated upon was 2.9 centimeters; on the lateral aspect it W 3 .« 2.5 
centimeters. The staples had become displaced during the interval, allowing more growth from the 
distal end than would have occurred if they had remained in position. Notice the angulation of the 
articular surface and the difference in length between the normal bone and that which was operated 
upon. 

Fig. 4: Exporiment 12, Dog 3. .A long staple was inserted over the lateral epiphy.-eal plate of the left 
femur. itoentgcnotTOms of the dissected specimen show the loss of growth, and also the deformity of the 
articular surface of the lower end of the femur. (This roentgenogram has been reversed.) 
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The staples became displaced during the growth of the bone, but the retention wasi 
sufficient to hinder growth on both sides. As the staples became displaced, there was l.Q 
centimeter of growth from the distal epiphysis (Fig. 3). 

Experiment 12, Dog 3 

Method: A long staple was driven across the epiphyseal plate on the lateral aspect 
of the distal end of the left femur. The duration of the experiment was 102 days. 

Result: 

At 102 Days 

Normal bone growth 2.4 centimeters 

Groniih of bone operated upon 

Medial 1.0 centimeter 

Lateral 0.5 centimeter 

The articular end of the bone which had been operated upon was widened. There was 
a loss of growth of the medial condyle of 1.4 centimeters, and a loss of growth of the 
lateral condyle of 1.9 centimeters (Fig. 4). 


Experiment IS, Dog 5 t 

Method: Three staples were placed across the lateral epiphyseal plate at the distal 
end of the right radius. Two staples were removed on the eighty-hrst day; the observation 
continued until the one hundred and eighty-eighth day. 

Result: 


Normal bone growth 

Growth of bone operated upon 

Medial growth 

Loss 

Lateral growth 

Loss 


At 81 Days At 188 Days 

3.0 centimeters 3.8 centimeters 


2.0 centimeters 

1.0 centimeter 
1.8 centimeters 
1.2 centimeters 


2.3 centimeters 
1.5 centimeters 
1.8 centimeters 
2.0 centimeters 


The epiphyseal plate appeared to be undergoing premature closure. 


Experiment 14., Dog 6 

Method: Two staples were inserted on the medial side of the epiphyseal plate at the 
distal end of the right radius. Tavo sinuses developed, but they healed promptly. 

Residt: 


At 118 Days 

Normal bone growth .... . 2.5 centimeters 

Growth of bone operated upon 

Lateral growth . . 1.9 centimeters 

Loss 0.6 centimeter 

Medial growth . . . 1.4 centimeters 

Loss ... 1.1 centimeters 


Summary of Residts ivith Unilateral Staples 

Staples inserted on one side aauH prevent groivdh on that side. There aaoH also be a re- 
tardation of growth on the opposite side, but to a lesser degree. There Avill be a diminution 
of the total length of tlie bone by staples inserted on one side. 


COMMENTS 

One of the important findings in this set of experiments is concerned with the insertion 
of staples on one side of the epiphyseal cartilaginous plate. There Avas a complete hindrance 
of groAA’th on the side of their insertion. A marked loss in length groAA'th aa'us found on the 
opposite side as aa'cII, causing a decrease in the total groAvth of the entire bone as compared 
AA'itli the normal. In revicAA-ing the original experiment AA'ith the use of a Avire loop on one 
side of the plate, it aa'US found that there AA'as also a loss in total length; but the .significance 
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of this result was not appreciated at that time. One should consider carefulh* the applica- 
tion of this principle, which was recommended at that time as a means of compensating 
for deformity due to unilateral overgrowth of a bone. In retrospect, it is obvious why 
piere is a loss of length growth on the opposite side. The gi-owth in length is caused by 
the la3'ing down of new bone at the juncture of the metaphj'sis and epiphj'sis. This new 
bone pushes the epiphj'sis awaj”^ as a block or c\’linder of bone. The wire loop or staple, 
passing into the epiphj’sis on one side, will exert a restraining force on the whole epiphj'sis; 
this will be complete at the side of insertion, but less effective on the opposite side. 

The arrest of growth bj’ a unilateral wire or staple, when utilized clinicaUj". ma3* 
correct a growth deformitj*, but at the .‘^ame time there is the possibilitj- of arresting total 
growth in length. One should be careful, also, in the selection of the t3'pe of lesion for 
unilateral growTh arrest. If the deformit3’’ is due to destruction of the plate on one side 
from injur3' or disease, it is eas3’ to see whA' a unilateral staple will not correct the de- 
formit3'^, because the injured plate has lost its power to proliferate and to push the epiph3'sis 
ahead on that side. In fact, a restriction is present on both sides, and a staple would 
merely prevent further deformit3' and length growth. Repeated osteotomies to coiwect 
the deformit3’' would be ad\nsable. 

On the other hand, deformit3’' due to some factor apart from the plate or to some 
disease which has not complete^' destro3md the gi'owth power ma3' be corrected b3' a 
unilateral grouTh arrest. The loss of total growth will have to be kept in mind. It is possible 
in humans, where there is a long growth period, that a compensator3' growth increase 
may take place. 

Clinical application and long-time growth observations would be important to 
decide this point, or experiments on an animal with a longer active growth period than 
that of the dog, which is not more than nine months. 

The question as to whether or not growth is normal after the removal of the wire 
loop or bilateral staple is difScult to answer. In the first place, additional disturbances 
to the circulation undoubted^" occur in the removal of the wire or staple, which will have 
some inhibiting effect on growth. Then there is the possibilit3’' of mechanical injuiy in 
removing the wire or staple, which becomes more or less imbedded with the lapse of time. 
If trauma has been sufficient, an osseous bridge ma3’’ form after the operation, restricting 
grouth. In some of the experiments an increase in the rate of growth undoubtedh’ occurred 
after removal of the staple, but it did not reach that of the normal. However, the active 
grou-th period of the dog is less than nine months, so that it is difficult to sa3' what would 
happen in the human being, where the period of growth continues for man3' 3'ears. Experi- 
ments on animals with a longer period of growth should be performed to obtain further 
information on this particular phase of the subject. 

In some of the experiments, there was evidence of premature closure of the epiph3’seal 
plate. This usualty took place near the time of normal cessation of growth. The findings 
were not uniform, and further studies are necessar3'. 

In some cases in which staples were inserted on both sides of the epiph3'seal plate, 
there was broadening of the articular end of the bone. There was also a tendenc3’ for some 
of the plates to be rotated and to assume a different location from their original site. It 
IS possible that an irregular or as3'mmetrical growth disturbance may pla3' a factor in 
these observations. 

It is important to make careful follow-up observations and to take repeated roent- 
genograms in cases of growth arrest b3' mechanical means. In humans, this is borne out b3' 
the clinical findings in one patient , where a wire loop was inserted around the epiphyseal 
plate to arrest growth. During a period in which this patient was not followed closelv, 
the wire broke on the lateral aspect, and an overgrowth took place on that side, causing 
genu varum. This had to be corrected subsequently by an osteotomy, which could have 
been avoided b}- repeated roentgenograms during the growth span. 
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CONCLUSIONS 

Wire or staples, applied unilaterally across the epiphyseal cartilaginous plate, wii\ 
arrest length growth on the side of insertion. There will also be restriction of gro\\dh om 
the opposite side to a lesser degree, but sufficient to cause a loss in length growth of the- 
bone. 

It is inadvisable to try to compensate for a growth deformity, due to a destructive 
injury to the plate on one side, by the insertion of a staple or wire on the opposite side of the 
plate. 

If the deformity was caused by factors outside of the plate, it may be corrected by 
unilateral wires or staples, but loss in length of the bone may occur. 

It is difficult to determine definitely whether or not growth is as active after temporary 
retardation by a Avire or staples. It A\''as not so active as on the normal side, but it is possible 
that injury to the circulation and trauma to the plate disturbed the groAvth. There AA^as 
evidence of a premature closure of the plate in some of the experiments. 

1. Haas, S. L.; Retardation of Bone GfoaHIi by a Wire Loop. J. Bone and Joint Surg., 27: 25-33, Jan. 1945. 


LATERAL VIEW OF THE PELVIS IN EXAMINATION FOR HIP DISLOCATION 

BY S. AV. DONALDSON, M.D., CARL E. BADGLEY, M.D., AND AV. G. HUNSBERGBR, M.D., 

ANN ARBOR, MICHIGAN 
From the St. Joseph Mercy Hospital, Ann Arbor 

In those institutions AA'here a number of persons are seen Avho have been injured in 
industrial, automobile, and farm-machinery accidents, an appreciable number of those 
hurt are examined roentgenographically for dislocation of the hip. The examination may 
reA'-eal a simple dislocation of the head of the femur, but the usual finding is a dislocation 
of this t3fpe, combined AAdth a fracture of the rim of the acetabulum. 

The common procedure in such cases is to take stereoscopic films of the pelvis and 
both hips. Due to the fact that such an e.xamination does not ahA^ays give complete in- 
formation, AAdieneAmr possible, aa’-c haAm resorted to an additional roentgenogram, consisting 
of a direct lateral aucav of the entire pehds. The need for additional information, in these 
cases, AA'as brought to our attention bj”- examination of those patients brought in Avith a 
dislocated hip or a fractured pelvis, complicated by pregnancy. The first such patient 
AA'as not examined by lateral roentgenograms until after the fractures in the pelvis 
shoAved some evidence of healing. Measurements had been requested to determine Avhethcr 
or not the pchde deformity AA'ould interfere AAuth a normal deliAmry. On the lateral roent- 
genogram of the pehds, taken for the purpose of measurement, the degree of posterior dis- 
placement of the head of the femur AA'as demonstrated more accurately than could be 
determined from the stereoscopic films. 

The technique emploj'cd and the position of the patient for such a roentgenogram 
are the same as used for the lateral AdcAv in pelvic-measurement e.xaminations, fractures of 
the sacrum, and lesions of the loAver lumbar spine and lumbosacral disc. Routine roent- 
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genograms of the pelvis and both hips are made first; and, if they show extensive fracture; 
of the pelvis, then the lateral roentgenogram is omitted for obvious reasons. If the roent- 
genograms reveal only a dislocation of the femoral head, or a dislocation with an acetabulai 
fracture, the patient is placed in the proper position on the Bucky table for a lateral 
roentgenogram of the pelvis. Sometimes it is more comfortable for the patient to lie with 
the injured hip on the table top instead of away from it. The additional roentgenogram 
not only shows the amount of displacement of the head of the femur, but also shows 
the position of any small bone fragments, if present, either inside or outside of the joint 
capsule. Such a roentgenogram is also of value in the check-up examination following 
manipulation for reduction in a simple dislocation without fracture. 

Examinations with a portable machine, while the patient is in bed and in an extension 
apparatus, have not been satisfactory, either with or without a stationary grid. 


SPIKE OSTEOTOMY FOR THE CORRECTION OF VARUS AND ROTARY 

DEFORMITIES OF THE HIP * 

BY ROBERT K. LIPPMANN, M.D., NEW YORK, N. Y. 

1 

/ 

From the Mount Sinai Hospital, New York City 

The present description concerns a simple method of subtrochanteric osteotomy 
that provides firm postoperative stability in the correction of varus and rotaiy deformities 
of the hip. Transverse or oblique osteotomy planes, as generally utilized, are often un- 
stable. Even when the original operation is planned and executed with complete accuracy, 
it is common for the fragments to slip, so that the final angular correction is less than that 
planned and the extremity is accordingly shortened. 

Of course, compromised results of this sort can be averted by a number of expedients, 
but each presents certain disadvantages. Internal fixation by instruments of the Blount 
type make it impossible for the surgeon to adjust the osteotomy angle during the early 
postoperative period. The operation is prolonged and moderatel}'^ difficult, and healing 
is often slow. Pins incorporated in plaster, as used by Schanz, Roger Anderson, and 
Irwin, have proved risky for routine use, because of the ease with which infection travels 
along the elements protruding from the skin. The plan of delaying angulation until after 
some callus has formed adds a routine and unnecessaiy operative procedure. The curved 
and the inverted V osteotomies preclude slipping only at a right angle to the plane in 
which the V or curve is constructed. When the plane of the V is anteroposterior, to prevent 
medial slipping, an extensive anterior approach is required. 

The spike operation offers a simple method of avoiding most of these disadvantages. 
It is so simple that the procedure must have been utilized before, although no I’ccoi’d of 
its performance has been found in the relevant literature. The objective of the operation 
is the creation of a spike on the distal fragment for insertion into the trabecular bone of 
the femoral neck (Fig. 1). 

♦ Read before the Orthopaedic Section, New York .Academy of .Medicine, .May 16, 1947. 
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tion of the spike. FiG- 2 


Operative Procedure 

Spike osteotomy is accomplished as follotvs: A lateral approach is employed, tvith 
circumferential subperiosteal e.xposure of the femur for ttvo or three inches belotv the 
vastus ridge. The osteotomy plane commences just at the ridge, terminating medially 
just belotv the lesser trochanter (Fig. 2,A). Some care is necessarj- to avoid splitting the 
anterior cortex, and it has been found best to osteotomize this cortex first from its anterior 
aspect, this line of section being followed later from the side with the broad osteotome. 



Fig. 3 

D K., aRecl five (Xo, .5’i:?I31Y Confrcnital co\a vara, left, .t cinple phu'^ter ^pic-a «orn for three 
:UUt openUion, followed hy prompt resumption of weipht-bennnp. 
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Distraction of the fragments is accomplished by adduction of tlie leg and by the use of 
bone hooks. In this position it is an easy matter to shape the distal fragment with th(e 
rongeur, and to create a pocket for the insertion of the spike into the trabecular bone olf 
the proximal fragment (Fig. 2,B). This pocket may be curetted to follow any desired' 
plane; a depth of one-half to three-quarters of an inch is ample (Fig. 2,(7). Fitting the 
spike into the pocket presents no difficulty, but may require approximately one-quarter 
of an inch of shortening of the spike. Abduction locks the fragments firmly together in the 
rotary relationship that the surgeon desires, and the almost rectangular spike maintains 
it there (Fig. 2,D). The degree of abduction determines the corrective angle. 

Postoperative immobilization is possible by a single or double spica, but, since abduc- 
tion locks the position firmly, a leg-to-leg plaster only is required. This furnishes all the 
immobilization necessary for stability, and allows the patient greater postoperative free- 
dom. For greater comfort it has been our practice to apply a single spica after the opera- 
tion, changing it a week or two later for a leg-to-leg type of plaster. 

Advantages 

With the spike method, stability is attained at no sacrifice of leg length and even, in 
some cases, with gain. This stability is attained in a single-stage procedure without the use 
of foreign fixative material, and it is firm enough so that the single or double spica can be 
dispensed with. Abduction only is required, and this can be accomplished b}’- a leg-to-leg 
plaster, from toes to mid-thigh. The operation preserves the ability to adjust the oste- 
otomy angle during the early postoperative period. The broad osteotomy surface pro- 
vided by the operation expedites bone healing, and blocks the characteristic tendency of 
osteotomies to “buckle” after the plaster has been removed. Because immobilization of the 
hip in plaster is unnecessary, the joint moves freely'- as soon as the leg plasters have been 
removed, and convalescence is speed 3 ^ 

Indications 

Spike osteotomy has been utilized only for angular and rotaiy corrections, — not for 
the therapy of ununited hip fractures. For obvious reasons the procedure cannot be satis- 
factorily executed when very small corrections are desired, nor can it be used when the 
hip is ankylosed, except in the presence of severe adduction deformity. 
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SKELETAL HEMANGIO-ENDOTHELIO-ALA 
A Case Report 


BY EAflL D. Vi'. HAUSER, M.D., AND GEORGE A. CONSTANT, M.D., CHICAGO, ILLINOIS 

From the Deparlmml of Bone and Joint Surgery, Xorlhweslem University Medical School, Chicago 

Skeletal hemangio-enclothelioma is a rare condition and one which is not easily recog- 
lized earlj’'. In order to help establish early diagnosis, and to evaluate the therapeutic 
ncasures usually employed, a report is presented of a patient who is still living nine 3^ears 
ifter the diagnosis of hemangio-endothelioma was confirmed. The case demonstrates some 
af the complications encountered, as well as indicating the possible prognosis. Since this 
patient had a single lesion in each hip, the question arose as to whether there were two 
primarj’’ lesions, or whether one was a metastasis. There are cases on record in which 
metastases have been reported. However, the historj^ and course of the case herein pre- 
sented led to the opinion that there were two primarj’^ lesions. 

A white woman, forty years old, came to us, complaining of severe pain and swelling in the right hip. 
One 3'ear before, she had suffered a pathological fracture of the neck of the right femur. Roentgenograms 
made at another hospital had revealed, in addition to the fracture, a c.vstic le.sion on the neck of the femur. 
She had been told at that time that she had but a fen' weeks to live. She lived, however, one year n-ithout 
much change in her sj’mptoms, and it was then that she consulted the senior author. Phv'sical e.Kanunation 
showed the right leg to be one inch shorter than the left. The muscles of the right thigh were somewhat 
atrophic, and there was some swelling in the region of the greater trochanter. The red-cell and the white-cell 
counts were normal. The sedimentation rate was twenty-three millimeters per hour. Urinalysis revealed 
nothing unusual. There was no Bence-Jones protein. A roentgenogram (Fig. 1 ) confirmed the pathological 
fracture, with non-os.»cous union. The c^'stic lesion was also eAdent, but showed little change from its ap- 
pearance in the roentgenograms which had been made one year before. 

Since there was so little change in the le.sion after a 3-ear, it was felt that it might not be malignant. 
The patient was admitted to Passavant Hospital for diagnosi.s. In case the lesion pro^-ed to be benign, im- 
mediate e.\cision was to be performed. Roentgenographic studies of the che.st and other long bones were made. 
There was nothing unusual in the chest, but the neck of the left femur showed a c3'stic la-ion ver3- .rimilar 
to the one in the right hip. The presence of two lesions pointed toward malignanc3-, and it was believed that 
perhaps both were metastatic lesions from a primary- 
site that had not 3-et been recognized. A thorough search 
for a primal^- lesion was made, but none was found. .A 
subsequent roentgenogram (Fig. 2 ) showed an increa.=e 
in the size of the lesions, and deep x-ra3- treatment was 
then advised. The ma.ximum amount of therap3- was 
given, but the lesions continued to grow. Radium 
needles were then inserted deep into the tumor tissue, 
but this treatment also failed to halt the disease. Roent- 
genograms (Figs. 3 and 4 ), made during this period, 
showed how the disease had progressed. All of the bones 
of the pelvis had become involved. Trabeculation and 
invasion of the surrounding soft parts had become 
prominent features in the roentgenograms. 

The roentgenologist suggested that the lesion rc- 
.sembled that of echinococcus di.sease. In order to rule 
out 0113- t3-pe of cy-.st or al)sccs,s, aspiration with a spinal- 
puncture nceclle was c.arried out. Scrum was all that was 
obtainable. It was felt that a large trocar with a sharp 
edge could be used to obtain m.aterial for e.xamination. 

After the trocar had penetrated the tis.sue, the plunger 
was withdrawn, and suction was applied. In this way a 
small amouru of tissue was obtained. Iziboratoiy .analy- 
sis showed that the tumor was made up of sm.all, irregii- 



Fig. 1 


Roentgenogram made Februarv 10, iri. 3 S, 
show.s the cv.-tic le-ion and al-o the non-o— r-ou- 
union of the pathological fracture of the neck of 
the right femur. 


voi. NO. c. Arnii, xtus 


518 


E. D. W. HAUSER AND G. A. CONSTANT 


larly shaped cells, but no mitosis was evident. Theie was not enough tissue to establish definitely the type of 
tumoi ; theiefoio, it was decided to peifoim a biopsy. An incision was made above the greater troclianter of 
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the left femur. The tumor was found to be beneath the muscle. The muscle was divided; and, as soon as the 
tiunor was encountered, there was profuse bleeding. The blood gushed forth so that it was necessarj- to con- 



Fig. 4 

. Roentgenogram made April 18, 1939, shows the rapid progress of the destructive process. Invasion 
of the bony pehds has taken place. 
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Fig. 6 

Roentgenogram made February 20, 1945, shows how the lesion has invaded almost the entire 
bony pelvis. (Shaft of the right femur not shown.) 


trol the hemorrhage by blocking the opening through the muscle with a gloved hand. Palpation of the tumor^ 
revealed it to be made up of finger-like masses which invaded the bone. The tissue was soft and friable, and 
had the consistency of an oyster. PoJ’tions of these masses were removed with fingers and scissors. The muscle 
was packed immediately and firmly with a large gauze sponge. Then the muscle was sutured, as the pack 
was gradually removed. 

The tissues were fixed, mounted, and stained with hemato.xylin and eosin. Microscopically the sections 
(Fig. 5) showed a predominance of mature and immature endothelial cells, springing from the endothelial 
lining of the blood vessels. There were no mitotic cells. The tumor cells, in many areas, were arranged in 
whorls — cells piled one upon the other — with a suggestion of a lumen in their midst. The sections were 
similar to those studied by Kolodny. (Although the alveolar arrangement of the cells in Kolodny’s cases was 
much more prominent than in this one, the other aspects were quite similar, — the tendency toward vaso- 
formation, the presence of large cells containing vacuolated or scanty cytoplasm, and the proliferation of 
the endothelial cells lining the blood vessels.) 

The patient recovered from the surgerj^, and is living today. The tumor has increased in size (Fig. 6), 
and it has invaded the entire pelvis. In spite of the enormity of the tumor and the pathological fracture, the 
patient is able to be up in a wheel chair occasionally. The pain has been controlled by various anodynes. 
Recently the patient has been receiving frequent doses of dilaudid hypodermically. She has survived pneu- 
monia during which her temperature rose to 105 degrees. The fact that this patient has lived nine years 
without any further lesions seems to indicate that the two lesions are not metastatic. Furthermore, consider- 
ing the period of time, the size of the tumor, and the amount of involvement, it is remarkable that tiic 
patient has lived so long. 

DISCUSSION 

To make an earl 3 ’- diagnosis one must first suspect the e.xistence of a hemangio- 
endothelioma. Any skeletal lesion which appears by roentgenogram to be (1) cystic, (2) 
trabeculated, and (3) invading the surrounding soft parts, merits the consideration of 
skeletal hemangio-endothelioma in the differential diagnosis. In all the cases in the 
literature which were examined roentgenographically, these three features were the out- 
standing characteristics of the lesions. This is also true of the case here rcportcc . 
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The definitive diagnosis, however, rests upon the microscopic examination of a biopsy 
specimen. A biopsy should be performed on a lesion displaj-ing any of the above features 
in order to differentiate it from (1) a benign cyst of the bone, (2) metastatic carcinoma, 
(3) giant-cell tumor, (4) osteosarcoma. (5) chondrosarcoma, (6) echinococcus disease of 
the bone, and (7) hemangioma. A microscopic examination of a sample of the lesion, which 
shows a predominance of mature and immature endothelial cells spiinging from the lining 
of the blood vessels, is. according to Kolodny. the only confirmation of the diagnosis. 

Surgical intervention is the only procedure that at present offers any benefit. Of the 
twenty-three cases found in the literature, nine were treated surgically. Pritchard’s patient 
was well three months later. In the case reported by Lutz and Pusch, the patient was well 
six months following surgerj*, at which time she died of coronary thrombosis. Petit- 
Dutaillis, Bertrand, and Alessimy did not mention the longemty of their patient. They 
reported, however, that she became well, following excision of a hemangio-endothelioma 
from the occipital bone. Fienberg and Baehr did not report their postoperative results. 
Thomas reported a patient who was alive ten years after surgeiy. This is the longest period 
of sur^^val following surgerj’’ among the reported cases. In another case, however, Thomas 
said nothing about the post-surgical course. One of the patients reported bA"" Kolodnj' died 
four years after an amputation. Although no autopsj' was performed, it was thought that 
death resulted from metastases. Jack and Faunce reported a case of a patient who died 
nine days postopferatively. The lesion had already metastasized to the brain. Stout re- 
ported a case in which metastases had developed three months following curettage of the 
lesion. 

With regard to deep x-raj" therapy, the literature and our experience with the case 
reported in this paper show that tliis type of therapj^ does not resolve the lesion. Prit-chard, 
Lutz and Pusch, and Fienberg and Baehr all resorted to deep x-ray therapy before pro- 
ceeding surgically, and in all of these cases radiation therapy failed to halt the disease. It 
\^'ould seem, therefore, that surgical intervention offers the most hope. We, therefore, 
'recommend early removal of the lesions where this can be done. The value of surgical 
treatment, however, has not been fully established; this remains for future postoperative 
studies to determine. Enough is known about the pathologA' of the disease so that a diag- 
nosis can be made. The emphasis should now be shifted to a study of the therapeutic 
results gained by surgical intervention. 
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A SKULL-TRACTION APPARATUS 

BY THEODORE H. VINKB, M.D., CINCINNATI, OHIO 


A radically different and efficient type of skull-traction apparatus is designed to lock 
safely and securely in the skull, thus reducing to a minimum the possibility of its pulling 
out, once it has been properly inserted. The apparatus has an eccentric blade which fastens 
into an undercut hole in the outer cortex of the skull. The eccentric blade easily locks and 
unlocks the apparatus in the bone. To make this possible, the holes in the skull must be 
accurately placed and drilled. This is done b 3 ’^ using a drill of predetermined length, which 
is placed in the bushings of the apparatus, so that it will drill the holes as perpendicular to 
the bone as possible, and also directlj^ opposite each other. The use of these bushings pro- 
vides great accuracy and precision in drilling the holes. 



Fig. 1 


Entire traction assembly in section of skull. (Drill and undercutting tool arc included.) 

Tlie skull-traction apparatus and tools consist of three separate parts: first, the drill 
(Fig. 1-B), second, the undercutting tool (Fig. 4), and third, the traction device (Fig. 1-A). 
The drill (which should be used in a Jacob’s chuck) should be of the right diameter to allow 
it to slide through the bushings on the side arms of the apparatus. A guard on the drill 
(Fig. 1-D) is a simple and positive control over the depth to which the hole is di'illed. 1 he 
hole should be deep enough to go through the outer cortex of the parietal region of the 
skull and should be placed about one inch above the ears in a relatively^ flat area of the 
skill/ The bushings (Fig. 1-E) are permanently attached to the apparatus and are larger 
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Fig 2 


Automatic centralization of traction 

:han the holes in the bone, which prevents the locking pin from being forced through the 
skull bj' piessuie or by accidental blows on the side of the frame. 

The undercutting tool makes the bottom of the holes in the bone larger in circum- 
ference. The tool is so made that it cannot go any deeper than the hole made by the drill. 
Several successive cuts are made with this tool by a simple adjustment on the handle 
(Fig. 4). The holes are thoroughly flushed out with normal saline solution or sterile water 
and are then ready to accept the locking-pin device. 


Fig 3 

Posithe lock of control knob and frame 


Fig 4 

Undercutting tool. 





Fig .5 

t ndcrt lilting hole m 'skul! 
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Fig G 

Ececntnc blade locked into skull. 
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The eccentric blade of the traction assembly is locked into position by turning the 
locking-pin blade 180 degrees. The locking-pin assembly must go in to the full depth of the 
hole, or until its inner face is in contact Avith the adjacent side of the frame. The above 
technique permits drilling the hole, undercutting it, and inserting the traction assembly 
into one side of the skull before changing the operating position. 

The traction frame can be adjusted to the skull with the finger tips by one control 
knob. This knob automatically fixes the pull of the traction in the center of the apparatus. 
The frame (Fig. 1) closelj’' conforms to the contour of the skull, in order to permit the 
patient to turn his head and to lie on either side. The frame is made of stainless, non- 
corrosive materials and weighs less than eleven ounces. It is rugged enough in construction 
to suspend the entire weight of the average patient’s body. 

The release mechanism is simple and effective, and facilitates easy removal of the 
apparatus from the skull. The entire apparatus can be dismantled for cleaning and sterili- 
zation, and re-assembled, without tools. 

The procedure can be carried out by any qualified surgeon. It requires five simple 
manoeuvres, after an incision of three-quarters of an inch (1.8 centimeters) has been made 
and the bone has been exposed on both sides of the skull. Thej’’ may be summarized as 
follows : 

1. Place the apparatus in position with the bushings firmly against the skull, and lock 
it by turning the knob in Figure 1~A. 

2. Drill the hole. If one is Avorried about going through both cortices, a blunt probe 
can be placed in the bushing before the entire depth is drilled. 

3. Undercut the hole. 


4. Flush out the bone chips AAuth AA'ater. 

5. Insert the locking-pin device and turn it 180 degrees. 

The advantages of the attachment are : 

Apparatus is safely and positively locked into the skull. 

Precision of location and alignment of holes in the skull are possible AAuth bushings. 

The use of an undercutting tool permits a deeper and more dependable attachment 
of the apparatus to the skull. 

Traction pressure is distributed over a greater area of bone to preAmnt the apparatus 
from tearing out of the skull or damaging the brain. 

There is simple and positiAm control over the predetermined depth of the drilling. 

Di'ill bushings prevent the locking pins from being forced through the skull by pres- 
sure or an accidental bloAV on the side of the frame. 

There is automatic centralization of the point of traction. 

Adjustment of the traction frame to the skull of the patient can be made bj'^ the 
fingertips AAuth one control knob. 

Positive locking of the frame and centralization of the point of traction can be ac- 
complished by one adjustment. 

The entire traction apparatus Aveighs less than eleven ounces. 

The shape of the frame conforms closely to the contour of the skull to permit turning 
of the patient’s head and to minimize interference from the apparatus. 

Stainless, non-corrosiAm materials are used throughout the apparatus. 

There is a simple and effectiAm release mechanism to facilitate the removal of tiie 
unit from the skull, regardless of bone groA\i;h. 

The improA^ed, time-saAung technique permits drilling, undercutting of the liole, and 
complete attachment of the device to one side of the skull before changing the operating 


position. _ _ 

Little special skill or experience is required to safel}" and positnmly 


attach the traction 


dcAUce to the skull. 

The operation requires A'ery little of the surgeon’s time. 
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Editorials 

The Februarj' number of The Journal is the first British issue under the new plan of co-pubUcation. 

Representative of the orthopaedic surgery of the British nations, most of the clinical and scientific contri- 
butions, the proceedings, and the reports arc from surgeons of the Commonwealth; there are notable papers 
from several other countries. 

In eveiy respect this number is outstanding. Its articles are being read and acclaimed by surgeons eveiy'- 
where, who would keep pace with surgical developments, — not only because these contributions are pro- 
gressive, but for their soundness. Readers of this number find strict adherence to fundamentals. 

Among the technical articles, there is a critique of recurrent dislocation of the shoulder in nearly 500 
cases, presented in si.v articles and a symposium; a review of mould arthroplasty of the hip is supplemented 
by a report of over 250 end results; a fundamental studj’ of plasma-cell tumors is presented bj' a clinical 
pathologist and a radiologist; there is an analysis of penicillin therapy for hematogenous osteitis in children; 
an atlas of osteogenesis imperfecta is the first of an c.vtraordinaiy series on general skeletal affections; and a 
number of other notable contributions are included. Everj- article is significant. 

Surgical histoo’and portraits of famous surgeons who liave been great in their contributions to orthopaedic 
surgerj" have not been neglected. 

From the standpoint of publication, this remarkable number is in every sense a work of art. It possesses 
unmistakably the stamp of the protot3'pe. 

To Sir Reginald Watson-Jones, the brilliant and indefatigable British Editor, to the able and hard- 
working British Editorial Board, and to our fellow orthopaedic surgeons throughout the British Common- 
wealth, thanks are due for the unusuallj- high standard thej’ have set. 

Under the new plan of American-British Commonwealth co-publication, the international scope of The 
Journal has been extended; a fuller realization of aim has become possible. One ma.v readilj' keep abreast of 
world progress in orthopaedic surgerj' todaj' through the single publication. Xo surgeon can afford not to do 
so. 

The first British issue has been warmh' welcomed and is deep^’ appreciated by all who read TheJ ournal. 


THE DEVELOPMENT OF PRESENT-DAY KNOWLEDGE OF 
CONGENITAL DISLOCATION OF THE HIP 


In view of what recent decades have contributed to the tfiagnosis and treatment of congenital dislocation 
of the hip, one is apt to forget that the roots of our knowledge are traceable to the dim past. After Hippoc- 
rates, who was aware of the condition and described it well (De Articulis, Chapter 46), there was a period of 
silence which lasted almost 2,300 j-ears. 

Great tribute should be given to Dupuj’tren (1826), who was the first to develop a comprehensive picture 
of the condition in the more modem sense. Pathological evidence, accumulated graduallj’ in connection with 
therapeutic efforts, maj’- be traced to the beginning of the nineteenth century. Feature after feature was 
added; the antetorsion of the head (Sandifort), the pathologj' of the muscles (Hutton), the hourglass con- 
striction of the capsule (Bou'der), the changes of the acetabulum (J. Guerin), and finally the distinction be- 
tween complete and incomplete dislocation (Parisc). In the writings of Lorenz, in 1900 and 1920, we find an 
integration of all pathological evidence, augmented bv his own investigations. It is not too much to saj- that 
the masterful monograph of Putti, in 1937, is the classic presentation of present-daj- knowledge of the 
pathologj' of tills deformitj-. 


The history of the treatment of congenital dislocation of the hip is more dramatic. Omitting such 
attempts as Kerkring’s, who is credited as being the first to undertake the traction treatment, we maj- begin 
irith Pravaz (1S2S), because his principle was gradual reduction by e.xtension; over many bj-n-aj-s and after 
errors, this finallj’ ended up with the reduction manoeuvres of Paci and Lorenz. 

It is interesting to note tliat, in the ISSO’s, the open operation had its first advocate in Poggi, and that 
It was further substantiated and improved by Hoffa. Lorenz, quick to recognize the importance of technical 
advances, elaborated on them, calling it the method of Hoffa-Lorenz. The bloodless reduction itself should 
be credited to Au^stino Paci, whose first report appeared in ISSO and whose method parallels that of 
Lorenz, except for failure to maintain the proper end position, a point for which full credit is due to Lorenz. 
1 I II '“""WO" knowledge that the gloiving reports of earlier surgeons on the end re.sults of the 

p 19.0, nith Galloway of Wmmixig a.s the foremost ailvocate. Although only a few surgeons at 
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this time accept the open method for universal application, wc knou’ from reports of Gill, Kidnei', Howorth, 
and many others that it has a definite place and fills a need in cases in which the dislocation is irreducible or 
irretainable by the closed method. 

The greatest advance of later yeai's in treatment is the abduction method, and here the credit goes to 
Putti for insisting upon early diagnosis and for giving us the technique of the earliest reduction. 

Late statistics certainly bear out the great .superiority of the abduction treatment, if undertaken in the 
first year, over the bloodless method, even as it is modified at the present time. After the first year, we believe 
that the bloodless method of Paci and Lorenz, with Pidlon’s modification of technique, still is the method of 
choice within a restricted age limit. At the same time one must concede to the open method those cases in 
which reduction cannot be attained or retained, owing to unsurmountable obstacles. 

Since we have learned to relinquish the use of excessive force, the reduction trauma has been minimized 
and, with it, the subsequent degenerative changes of the femoral head. 

These later years have produced three definite additions to the general principles of the treatment: 
first, that the early abduction treatment is the least traumatizing and, therefore, the most promising of all 
methods; second, that accurate concentric reduction of the head alone makes possible a proper formation of 
the acetabular roof; and third, that before weight-bearing is permitted, prolonged after-treatment for the 
development of the abductors and extensors is essential. 

The more recent operative procedures of Colonna and those of Leveuf and Zahradnfeek likewise are based 
upon the postulates of concentric reduction and avoidance of reduction trauma. 

At present, there is sufficient evidence to judge the merits of closed reduction on the basis of long-range 
observations. We still have to await the last word on the evaluation of open reduction as the method of 
choice. However, open reduction has cstabli.shcd itself as an alternative, within limitations, in cases not re- 
sponding to closed reduction. 

Arthur Sleindler, M.D. 


CONGENITAL DISLOCATION OF THE HIP 


The term “congenital dislocation of the hip”, which is deepl}’ rooted in the literature, does not accurately 
and comprehensively describe this defo^mit3^ Dislocation may not be present at birth, but may occur at 
some postnatal period. Complete luxation maj’- never take place, but the deformity maj' persist as a sub- 
luxation. There has been an abnormal morphogenesis of the hip joint, which maj' or maj' not cause dislocation' 
and which maj’’ or maj' not be remedied. The term “congenital d3'splasia of the hip” more accurate^ de- 
scribes this underlying defect in the gi’owth processes. 

The etiolog3'^ of the condition is still under dispute. The genetic theoiy maintains that the departure from 
normal growth is due to some defect in the particular genes which are responsible for the development of the 
hip joint. The mechanical theor3^ attributes the pathological changes to the operation of adverse mechanical 
forces during the period of growth m ulero. Another suggestion is that constitutional conditions of the mother, 
during the period of pregnanc3'-, may influence the growth processes in the foetus. Embiyological studies 
have not as yet determined the etiological factors in congenital d3’splasia of the hip. It may be possible that 
it is not necessary to attribute all cases to a single factor, inasmuch as there are so man3^ variations in the 
form and the degree of the dysplasia and in the possibility of recovciy. 

Much advance has been made during recent years in knowledge of the patholog3'. The older descriptions, 
which are those usually found in textbooks, were made from the dissecting table and dealt largely with the 
secondary pathological anatom3’^ of dislocation, — that is, with the changes which occur in the structures of 
the hip after dislocation. Knowledge of the primar3'’ changes wliich make dislocation possible or inevitable 
has been gained in the operating room. This has brought a much clearer understanding of the nature and of 
the elements of congenital dysplasia of the hip, and has guided us to better methods of treatment. The ex- 
planation of the primaiy pathological anatomy must be found in the etiological factors which produce the 


divergence from normal morphogenesis. 

The prognosis depends upon the form and the degree of pathological divergence from the normal, and 
upon the ability of the structures of the hip to resume or to continue their growth toward the normal under 
favorable circumstances. Because there is a great diversity of anatomical deformity, it is illogical to expect 
uniform results from treatment. The most severe deformities have their origin in embiyological or early 
foetal life, and are often accompanied by deformities of other parts of the bod3'. The3' arc incurable. The 
only available treatment may be a palliative operation at some appropriate time, to reduce the di-sability. 
Fortunately these cases constitute a very small proportion of the total number of cases of dysplasia of t ic 
bin or even of the frank dislocations. If the deformities arise in later foetal life and, therefore, are not gcm-tic 
in their origin, they are less severe and the prognosis for the development of a normal hip is favora ) o. ns 
ic bnct renresented bv the so-called predislocations. Some of these probably recover span ancons 3 , 
nftcr birth a of a „,iai„,al .0™ of .ro,,.a..n, by ab.h.rt.o,,; at 
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best, in onlv a few' of these eases do perfect hips develop, and only after prolonged treatment. There is some 
etiological factor or some growth factor that is obscure. 

Insufficient study of the prcdislocations has been made in this country, largely because this condition 
is not diagnosed frequently enough at, or shortly after, birth. An accurate prognosis of postnatal dislocations 
cannot be made in any particular case at the time either open or closed reduction is accomplished. Insufficient 
accurate end-results studies have been made, cither of open or closed reductions, to determine definiteb' tbo 
proportion of cases that are curable. Present indications arc that it is not greater than one-fourth to one- 
third, if we accept as the criterion of cure the development of perfect or normal anatomical structures of the 
hip joint. There may be a prolonged period of normal function in many cases where anatomical perfection 
is wanting, but the continued mechanical wear and tear in an abnormal joint is almost certain to cause, sooner 
or later, the symptoms of traumatic arthritis. Many instances of this condition have been obser^^ed. 

Our ideas concerning the treatment of congenital dislocation have changed greatly during the past 
fifty years. The recognition of predislocation in the ncwboni and of the dysplasias without dislocation that 
may be present at any age, the appreciation of the necessit 3 ' of prolonged observation after reduction, the 
improvement of surgical technique and the origination of new surgical procedures, a better understanding 
of the primaiy and of the secondary’ pathological anatomy, and a clearer distinction between perfection and 
the varying degrees of imperfection of the end results have increased the extent and the precision of our 
knowledge, so that we are more able than formerly to determine what method of treatment should be em- 
ployed at any time during the life history of a dysplasia or a disloeation. 

In former years the orthopaedic surgeon saw and treated only the hips that were already dislocated. 
The dysplasias without dislocation were not recognized until after luxation had occurred. Now we know that 
early diagnosis and adequate treatment can prevent dislocation, although it should be realized that in not 
all cases do perfect hips result. 

Various methods of bloodless reduction were employed, some of them forceful. In time it was recognized 
that severe force should not be employed to replace the femoral head within the acetabulum. 

In many hips in which the surgeon considered the reduction to be successful at the end of one or two 
or three years, redislocation occurred at some subsequent time. Our present methods of careful and pro- 
longed follow-up and our increased surgical knowledge and skill should prevent redislocations, and thereby’ 
greatly reduce the number of old irreducible dislocations that were formerly so prevalent. 

The end results of bloodless reduction were so bad that some surgeons advocated the open reduction of 
all dislocations of the hip. No adequate statistics have ever been presented to prove that a higher percentage 
of perfect end results may be secured by open than by closed reduction. These surgeons thought that re- 
placement of the femoral head within the acetabulum was all that was necessary to effect a cure. With our 
better knowledge of growth processes and of the pathological anatomy’, we know that this is not necessarily’ true. 

The bid nreducible dislocation was formerly considered to be hopeless, it was later discovered that, by 
various ty’pes of osteotomies and by plastic bone surgery, much could be done to relieve these patients of 
their symptoms and to reduce their disability. 

Still later, surgical procedures were devised to reduce those dislocations which could not be done blood- 
lessly, to stabilize the hips, and to construct a competent acetabulum for those which, after reduction, give 
evidence of a prolonged or irremediable dysplasia of the acetabular roof which permits subluxation. Whether 
or not the construction of an adequate acetabulum will lead to the formation of a perfect hip must depend, 
m large measure, upon the anatomy of the head and the neck of the femur, for not infrequently’ these struc- 
tures and the capsular attachment to the neck are abnormal- 

In the light of our present knowledge, we may state that most cases of congenital dysplasia of the hip 
without luxation are curable; that, of the more severe dysplasias which are marked by’ dislocation, onlv about 
one-third are curable; and that the nature of the deformities of bone and soft structures of the hip which are 
present when treatment is instituted determine in great measure the ultimate end result. If the surgeon is 
not always able to secure a perfect anatomical end result, he may do much to secure useful function. 

.'1. Bruce GUI, df.D. 
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BENJAMIN P. FARRELL 
1870-1947 


Dr. Benjamin P. Farrell, Professor Emeritus of Orthopaedic Surgery, died on December 27, 1947, afte) 
a protracted illness. Dr. Farrell was born at Pittsfield, Massachusetts, on May 22, 1870. He received his 
medical degree from the Long Island College Medical School, in 1904. Following this, he was an intern at ths 
Newark City Hospital from 1904 to 1900. In 1906 he received an appointment at the New York Orthopaedic 
Hospital, to which institution he devoted his entire career until his retirement in 1940. Dr. Farrell was as- 
sociated with Russell A. Hibbs and was his valued assistant during the period when Dr. Hibbs made so manj' 
contributions to orthopaedic surgery, including the operative treatment of joint tuberculosis and the de- 
velopment of the spine-fusion operation. 

Dr. Farrell became Surgeon-in-Chief of the New York Orthopaedic Hospital in 1932, after the death ol 
Dr. Hibbs. In 1918, the same year in which Dr. Hibbs became Professor of Orthopaedic Surgery, Dr. Farrell 
was appointed Assistant Professor. He later became Associate Professor, and then Professor and head of 
the department. He Avas Consulting Ortliopaedic Surgeon to the French and Englewood Hospitals, and had 
a large private practice in New York City. 

Dr. Farrell was a Fellow of the American College of Surgeons and The American Academy of Ortho- 
paedic Surgeons, and a member of The American Orthopaedic Association, of wliich he was at one time Vice 
President. 

In 1907, Dr. Farrell married Frances Lillian Mitcliell, who died in 1942, Tl}ey had no children. 

He had a great capacity for making enduring friendships, and endeared himself to all of his associates 
and his many friends. 


J. ARCHER O’REILLY 
1879-1947 


Dr. J. Archer O’Reilly of St. Louis, Missouri, a member of The American Orthopaedic Association, died 
in St. Louis on December 5, 1947. 

In his death we have lost a great humanitarian, who devoted his life and interest to the handicapped. 
Born with a congenital defect, he ignored his OAvn handicap so completely that neither his patients nor his 
acquaintances and friends thought of him as crippled. Dr. O’Reilly’s creed Avas to help the crippled cliild and 
the crippled adult to get to the place where they could forget they A\'ere crippled. 

He often stated: “The crippled child is the raw material from which a valuable citizen can be made. 
There is no shame in being handicapped; the only shame is in having a child needlessly deformed through 
neglect.” 

He was the son of the late Dr. Thomas W. O’Reilly, AA'ho practised for many years in St. Louis, and of 
Mary Archer O’Reilly, He received his A.B. from Harvard University in 1902 and his M.D. from Harvard 
Medical School in 1906. He served his internship at the Carney Hospital and returned to St, Louis to practise 
orthopaedic surgery. He became Professor of Orthopaedic Surgery at St. Louis University Medical School, 
Chief of the Orthopaedic Staff of the St. Mary’s group of hospitals, and Associate Professor of Clinical Ortho- 
paedic Surgery at Washington Universitj’’ Medical School, St. Louis. During World War I he AA'as in charge 
of the Orthopaedic Staffs of Barnes Hospital and Children’s Hospital in St. Louis. During World War II 
he was orthopaedic advisor to the draft boards. He AA'as largely responsible for the organization and develop- 
ment of the Missouri and St. Louis Societies for Crippled Children. He had been President of the St. Louis 
Society since its founding, and served as President of the State group from 1930 to 1946, Avhen he became 
chairman of the board; in October 1947, his son, J, Archer O’Reilly, Jr., became President. He had been a 
member of the Board of Trustees for the National Society for Crippled Children and Adults, Inc., since 1930, 
and was cited by this group in 1944 for distinguished service to the handicapped. He AA’as a member of the 
advisory committee of the State Division of Rehabilitation, Department of Public Schools; a member of the 
board of the Occupational Therapy Workshop and of the St. Louis School for Occupational Therapy; and a 
member of the Board of Regents, State Cancer Hospital, Columbia, Missouri. From 1930 to 193.5 he headed a 
Red Cross Committee on Vocational Rehabilitation. 

At the time of his death he AA-as Professor of Orthopaedic Surgery and Director of the Department at bl. 
Louis University School of Medicine. He was orthopaedic surgeon to the Dc Paul 

and orthopaedic consultant to the Ranken-.Iordan Convalescent Home for Crippled Children, St. mins 
Countj'. 
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He was a fellow of the Anicricati College of Surgeons, a diplomate of the American Board of Orthopaedic 
Suigerj', a fellow of The American Academy of Orthopaedic Surgeons, and a member of the American Medical 
Association. He was a member of the St. Louis and Mis.souri Medical Associations, of the Southern Medical 
Association, and of the American Rheumatism Association, and a member of the House _of Delegates of the 
American Medical Association. He was a former member of the Board of Governors of the American College 
of Surgeons. He was chairman of the Committee on Admissions of The American Orthopaedic Association 
for the year 1934-1935. He was a former chairman of the Orthopaedic Section of the American Medical As- 
sociation. 

Dr. O’Reilly is known for his work on behalf of the handicapped, and an interest which has spanned 
fort}' years of medical practice and earned for him national recognition as a friend of crippled children. He 
was a prolific writer for medical journals. He has consistently strc.ssed the need of total rehabilitation for the 
handicapped, — education, emotional adjustment, and vocational training, as well as medicine and surgery. 

As early as 1917 he was writing about poliomyelitis. In the early 1930’s he began advocating private 
and public aid to \'ictims of cerebral palsy, which he termed “the most neglected handicap”; 1946 saw the 
beginning of a national effort in this field, and in Mi.^souri a state-wide program was started by the Missouri 
Society for Crippled Children. Throughout his career, he worked for better laws in Missouri to aid the handi- 
capped, for greater state responsibility for the total rehabilitation of the handicapped, and for re'idsion of 
insurance laws to encourage employers to hire handicapped persons. 

Dr. O’Reilly was married in 1906, in Kingston, Massachusetts, to Jane Elliott Sever. Mrs. O’Reilly, 
three sons, and four grandchildren survive him. The sons are J. Archer O’Reilly, Jr., of St. Louis; Xoel Sever 
O’Reilly of Toledo, Ohio; and Dr. Daniel Elliott O’Reilly of St. Louis, who plans to follow in the practice of 
orthopaedic surger}’. 

On March 27, 1947, the twentieth anniversar}’ of the Missouri and St. Louis Societies for Crippled Chil- 
dren was marked by a testimonial dinner for Dr. O’Reilly. The Societies’ tribute stated, in part: 

“He has given his life to the promotion of better aid to crippled children throughout the land. He has 
never denied the plea of a parent or friend of a crippled child when his skill as a surgeon, or his humanitarian 
TOdom, could be of aid in any way. The crippled children of Missouri owe him a debt that our highest devo- 
tion to their welfare will scarcely repay.” 
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LETTER TO THE EDITOR 

In the October 1946 issue, an article appeared [Vol. 28, pp. 869-872] by Finch and Roberts, concerning 
two cases of epiphyseal coxa valga. This greatly interested me, but I am also very much puzzled in trving to 
harmonize the diagnosis of the position of the femoral head with the physical findings. 

In Case 1, it was stated that the patient walked with an external-rotation deformity. Then, after 
manipulation and cast, she had an internal-rotation deformity of the left lower extremity of 10 degrees, but 
she still had 15 degrees of external rotation of the right lower e.xtremity. It is e\ident from the roentgeno- 
grams that the head is displaced upward and laterally, but it is difficult to see how the epiphysis can be dis- 
placed anteriorly for the following reasons; 

1. If the epiphysis was displaced anteriorly, an external-rotation deformity of the extremity would not 
e expected; however, we do get an external-rotation deformity (sometimes almost as much as* 90 degrees) 

m the ordinarj’ case of coxa vara where the epiphysis is displaced posteriorly. 

2. Obserx-arion of the lesser trochanter shows that the femur is actually externally rotated, which could 
arclly be true if the epiphysis was displaced anteriorly. 

3. It would be impossible from a study of flat roentgenograms of the head and neck alone, without lateral 
o .s ereoscopic roentgenograms, to tell whether the displacement was anterior or posterior Seventv-five 
per cent, of the physicians fail to realize the limitations of flat roentgenograms and will cond^ode when 

S'”' "‘e' ■“■’ex' 

PI ng occurred posfenorly, as usual, and not anteriorly, as suggested in the article? 

T. Gordon Reynolds, M.D. 

Glendale, California 
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THE AMERICAN ORTHOPAEDIC ASSOCIATION 

The Sixty-first Annual Meeting of The American Orthopaedic Association will be held at the Chateau 
Frontenac, Quebec City, on June 3, 4, 5, and 6, 1948. This is to be a combined meeting of the British, Cana- 
dian, and American Orthopaedic Associations. The tentative program, as submitted by the Program Com- 
mittee, is as follows: 


THunsDAY, June 3 

Morning Session 

Aseptic Necrosis of Bone Following Trauma. 

Edward L. Compere, M.E)., Chicago, Illinois (A.O.A.). 

Further Comments on Aseptic Necrosis of the Femoral Head, Sequel to Intracapsular Fractures. 

W. W. Plummer, M.D., Buffalo, New York (A.O.A.). 

Surgical Management of the Aseptic Necrotic Head of the Femur. 

D. B. Phemister, M.D., Chicago, Illinois (A.O.A.). 

Fractures of the Neck of the Femur Treated by Smith-Petersen Pin Plus Fibula Graft. 

J. Patrick, F.R.C.S., Glasgow, Scotland (B.O.A.). 

Subtrochanteric Limb Shortening. 

Lawson Thornton, M.D., Atlanta, Georgia (A.O.A.). 

Noon: First Executive Sessions of the American, British, and Canadian Orthopaedic Associations. 

Afternoon Session 

Arthrodesis of the Hip — Ischio-Femoral Method. 

H. A. Brittain, F.R.C.S., Norwich, England (B.O.A.). 

Osteoid Osteoma: A Clinical Pathological Study of a Series of Cases. 

Malcolm Dockerty, M.D., Rochester, Minnesota (by invitation); 

Ralph K. Ghormley, M.D., Rochester, Minnesota (A.O.A.), 

Slipping of the Upper Femoral Epiphysis. 

Beckett Howorth, M.D., New York, N. Y. (A.O.A.). 

The Management of Incipient Epiphysiolysis of the Hip. 

S. Kleinberg, M.D., New York, N. Y. (A.O.A.). 

Roentgenographic Changes in Nailed Slipped Capital Femoral Epiphysis. 

Armin Klein, M.D., Boston, Massachusetts (A.O.A.). 

Subject to be announced. 

Sten Friberg, M.D., Stockholm, Sweden (by invitation). 


Friday, June 4 


Morning Session 

Osteo-Artlmitis of the Hip Joint: Review of Over One Hundred Cases Treated by Ai’throplasty. 

Alexander Gibson, M.D., F.R.C.S., Winnipeg, Canada (A.O.A.). 

Excision of the Femoral Head and Neck and Angled Osteotomy of the Femur in Ankylosis and Arthritis 
of the Hip. 

J. S. Batchelor, F.R.C.S., London, England (B.O.A.). 

A Follow-up Study of Results in Fascial Arthroplasties of the Knee. 

J. S. Speed, M.D., Memphis, Tennessee (A.O.A.); 

Philip C. Trout, M.D., Roanoke, Virginia (by invitation). 

Arthroplasty of the Knee Joint — End Results. 

J. Edward Samson, M.D., Montreal, Canada (C.O.A.). 

Changes Observed in the Elastic Adipose Tissues mth Advancing Years: Results of a Five-Year Study 
in the Harvard Medical School. 

J. G. Kuhns, M.D., Boston, Massachusetts (A.O.A.). 

End Results of Ph 3 "siological Blocking of Flail Joints. 

Alberto IncHn, M.D., Havana, Cuba (A.O.A.). 


Afternoon Session 

Fracture-Dislocation of the Pelvis. 

F. W. Holdsworth, F.R.C.S., Sheffield, England (B.O.A.). 
Developmental Coxa ^'’ara. 

A. B. LeMesurier, M.D., Toronto, Canada (A.O.A.). 
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Treatment of Some Irreducible Congenital Dislocations of the Hip. 

Juan Farill, M.D., Mexico (A.O.A.). 

Artlirography of the Hip. 

F. C. Durbin, F.R.C.S., Exeter, England (B.O.A.). 

.\rthrodesis of the .Ankle Joint. 

W. E. Gallic, M.D., F.R.C.S., Toronto, Canada (.A.O..A.). 

Estrogens and Bone Formation in the Human Female. 

Marj-S. Sherman, M.D., Chicago, Illinois (by invitation); 

C. Howard Hatcher, M.D., Clucago, Illinois (A.O..A.). 

Subject to be announced. 

Fuller Albright, M.D., Boston, Massachusetts (by invitation). 

S.^TURD.vT, June 5 

Moming Session 

Congenital Discoid Meniscus. 

I, S. Smillie, O.B.E., F.R.C.S., Edinburgh, Scotland (B.O..A.). 

Results of Meniscectomy' and the Theoretical Aspects of Operative Technique. 

J. Charnley, F.R.C.S., Manchester, England (B.O.A.). 

Ivnee-Joint Changes after Meniscectomy. 

T. J. Fairbank, F.R.C.S., Reading, England (B.O.A.). 

Treatment of Cervical Fracture and Fracture-Dislocation. 

Wm. A. Rogers, M.D., Boston, Massachusetts (A.O..A.). 

Treatment of Fracture-Dislocations of the Ccia’ica! Vertebrae by Skeletal Traction and Fusion— Results 
Ten Years Later. 

W. G. Turner, M.D., Montreal, Canada (A.O.A.); 

Wm. Cone, M.D., Montreal, Canada (by invitation). 

. Organization of an Accident Seiwice. 

W. Gissane, F.R.C.S., Birmingham, England (B.O.A.). 

Presidential Address. 

R. I. Harris, M.B., Toronto, Canada (A.O.A.). 

Aflemoon Session 

V Round-Table Discussion on Undergraduate Teaching in Orthopaedic Surgery. 

Conducted by .A. Bruce Gill, M.D., Philadelphia, Pennsylvania (A.O.A.). 

SuNDXT, June 6 

Morning Session 

Operative Approaches to the Shoulder Joint. 

LeRoy C. Abbott, M.D., San Francisco, California (.A.O..A.). 

External Skeletal Fixation in Orthopaedic Surgery. 

J. R. Xaden, M.D., t^ancouver, Canada (A.O.A.). 

The Use of External Pin Fixation in Late Compound Fractures Due to War Wounds. 

E. C. Janes, M.D., Hamilton, Canada (C.O.A.). 

Treatment of Fractures of the Shaft of the Femur. 

Edward Harlan Wilson, M.D., Columbus, Ohio (.A.O..A.). 

Denervation of the Elbow Joint for Relief of Pain — Preliminary Report. 

James E. Bateman, ^I.D., Toronto, Canada (C.O..A.). 

Case Report of Pcdicled Xcive Graft with Discussion on the .Applicability of Procedure. 

F. G. St. Clair Strange, F.R.C.S., Folkestone, England (B.O.A.). 

Elephantiasis Associated n'ith Congenital Bands in Children. 

A. W. Farmer, M.D., Toronto, Canada (A.O.A.). 

Scoliosis Complicated rHth Paraplegia. 

V K. G. McKenzie, AI.D., Toronto, Canada (by invitation); 

F. P. Dewar, M.D., Toronto, Canada (C.O..A.). 


The National Foundation for Infantile Paralysis will sponsor the First International Poliomvelitis 
Conference, to be hcUl at the Waldorf-.Cstoria Hotel. Xcw York, July 12 to 17. 

The program will include scientific and technical papers on research and treatment of poliomvelitis to bo 
presented by professional authoritic.s in the field from this country and abroad. In addition, there n-ill be’nanel 
<iiscU''>ious on the various subjects. ^ ^ 
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The Sociedad Espanola de Cirugia Ortopedica y Traumatologia has recently been organized witi 
the following officers: 

President: Dr. M. Salaverri, Bilbao; 

Vice-President: Dr. R. San Ricart, Barcelona; 

Secretary: Dr. M. Clavel, Murcia; 

Vice-Secretaiy: Dr. C. Gonzdlez, Madrid; 

Treasurer: Dr. A. Garaizdbal, Madrid. 

The official publication of this organization is Cirugia del Aparalo Locomotor of which Dr. V. Sanchls 
Olmos is Editor. 

The next meeting of this association will be held in Madrid in May. The principal subjects for discussion 
will be intramedullaiy nailing in fractures of the long bones and the treatment of scoliosis. 


The Sixth International Assembly of the International College of Surgeons will be held in Rome, 
Italy, at the invitation of the Italian Government, during the week of May 16 to 23, 1948, under the presi- 
dency of Professoi-s Raffaele Bastianelli and RafTaelc Paolucci of Rome, and Mario Dogliotti of Turin. The 
Secretary of the Assembly is Prof. Giuseppe Bendandi of Rome. Attendance is not limited to the membership 
of the College ; all surgeons in good standing in their medical organizations are invited. Scientific meetings, 
scientifie and commercial exhibits, and visits to the Univemities of Turin and Milan have been arranged, 
together with tours to other medical centers in Europe. A special exhibit of ancient texts on surgery is being 
arranged by Prof. Davide Giordano of Venice, Honorary President, under the active presidency of Prof. 
Adalberto Pazzini, Professor of Histoiy at the University of Rome. This extraordinary exhibit, dealing with 
ancient surgery, will be on display in the Vallicelliana Library in one of the historical buildings of the Vatican. 
Detailed information may be obtained from Dr. Max Thorek, General Secretar 3 ', 850 Irving Park Road, 
Chicago 13. 


The Fourth Congress of The International Society of Orthopaedic Surgery and Traumatology 
will be held in Amsterdam on September 13 to 18, 1948. Headquarters for the Congress mil be at the American 
Hotel. 

The program has been arranged by Dr. Jean Delchef, Secretary General, and the two principal subjects 
for discussion will be: 

1. The treatment of deforming arthritides of the hip. (Led by Professors Mathieu and Padovani, Paris.) 

2. Occult traumatisms of the vertebral column. (Led by Mr. E. A. Nicoll, Manchester, England.) 

These topics mil also be discussed by other distinguished orthopaedic surgeons including Professors 

Zahradnfeek (Czechoslovakia), La Chapelle (The Netherlands), Delchef (Belgium), Wiberg (Sweden), 
Bolder (Austria), Pais (Italy), Incldn (Cuba), San Ricart (Spain), and Smith-Petersen (U.S.A.). Papers and 
motion pictures on other subjects will also be presented. Anyone who wishes to present a paper or motion 
picture should submit the title and a short summary to Dr. Delchef before June 30, 1948. 

Arrangements have been made for about 500 rooms for the members and guests of the Society during the 
time of the Congress. Due to congestion in the city, reservations should be made early and should be sent 
directly to Dr. J. D. Mulder, Vondelstraat 75, Amsterdam, Holland. 


THE AMERICAN ACADEMY OF ORTHOPAEDIC SURGEONS 

The Fifteenth Annual Convention of The American Academy of Orthopaedic Surgeons was held at the 
Palmer House, Chicago, January 24, 25, 26, 27, 28 and 29, 1948, under the presidency of Dr. Rex L. Diveley. 
The Convention was the largest in the history of The Academy. The Audio-Visual Program, under tlic 
chairmanship of Dr. Charles N. Pease, ivas well arranged and attracted large audiences. The Instructions 
Courses, under the chairmanship of Dr. Walter P. Blount, provided a mde choice and were well attended. 
The Scientific Program was arranged bj" the Program Committee, of which Dr. T. Campbell Thompson was 
Chairman. This was presented on the afternoon of Monday, January 26, at the morning and afternoon 
sessions of Tuesdaj^ and Wednesdaj', and at the morning session on Thursday, January 29, as follows: 

Monday, January 26 

Afternoon Session 

Occurrence and Management of Reflex Sympathetic Dystrophy — Causalgia of the Extremities. 

James W. Toume 3 ', M.D., Boston, Massachusetts. 

Discussion: Harold R. Bohlman, M.D., Baltimore, Maryland. 
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The Use of Iliae-Bonc Grafts in Orthopaedic Surger}'. 

I. S. McTtcynolcls, M.D., Houston, Texas. 

Diseussion: Leonard F. Bush, M.D., Danville, Pennsylvania (by in\-itation). 
Fractures of the Carpal Scaphoid. 

H. Osmond Clarke, F.R.C.S., London, England (by imdtation). 

Delayed Bone Graft in the Treatment of Congenital Pseudarthrosis. 

John R. Moore, M.D., Philadelphia, Pennsjdvania. 

Discussion: William T. Green, M.D., Boston, Massachusetts; 

Dallas B. Phemister, M.D., Cliicago, Illinois. 

Short First Metatarsal — Its Incidence and Clinical Significance. 

T. Beath, M.D. (by imdtation), and R. I. Harris, M.B., Toronto, Canada. 

Discussion; Robert Bingham, M.D., Riverside, California (by inxdtation); 
R. Plato Schwartz, M.D., Rochester, New York. 


Tcesd.w, Jantj.uit 27 

Homing Session 

Legg-Perthes Disease — A Method of Conser\'ative Treatment. 

Maurice M. Pike, M.D., Hartford, Connecticut. 

Discussion: iM. Beckett Howorth, M.D., New York, N. Y.; 

A. Bruce Gill, JM.D., Philadelphia, Pennsylvania. 

The Rclationslup between Congenital Subluxation and Congemtal Dislocation of the Hip. 

Vernon L. Hart, M.D., Minneapolis, Minnesota. 

Discussion; Paul C. Colonna, M.D., Philadelphia, Pennsylvania; 

H. Relton McCarroU, M.D., St. Louis, Missouri. 

Treatment of the “True” Congenital Luxation of the Hip. Results of the Open Reduction. 

Professor Jacques Leveuf, Paris, France. 

Aspects of Physical Reconditioning. 

Marcus J. Stewart, M.D., Memphis, Tennessee (by invitation). 

Vocational Rehabilitation. 

Michael J. Shortley, Washington, D. C. (by invitation). 

Rehabilitation of the Severelj' Handicapped. 

Henrj- H. Kessler, M.D., Newark, New Jersej-. 

Discussion; A. R. Shands, M. D. Wilmington, Delaware; 

Rufus H. Alldredge, M.D., New Orleans, Louisiana; 

Frank Stinchfield, M.D., New York, N.Y., Chairman. 

flernoon Session 

Dupuj-tren’s Contracture: A Report of Fourteen Cases of Combined Palmar and Plantar Lesions. 
J. Vernon Luck, M.D., Los Angeles, California. 

Discussion: Arthur Steindler, M.D., Iowa City, Iowa; 

H. W. Meyerding, M.D., Rochester, Minnesota. 

Criteria for Spine Fusion Follou-ing Removal of Protruded Nucleus Pulposus. 

Guy A. Caldwell, M.D., and William B. Sheppard, M.D., New Orleans, Louisiana. 

Vascular Complication of Disc Surgery. 

Edward C. Holscher, M.D., St. Louis, Missouri (by invitation). 

Discussion; Raymond E. Lenhard, M.D., Baltimore, Marjdand; 

James W. Shumate, M.D., San Francisco, California; 

Joseph S. Barr, M.D., Boston, Massachusetts; 

William B. Sheppard, M.D., New Orleans, Louisiana. 

The Problem of the Primary Cuiv'e in Idiopathic Scoliosis. 

John R. Cobb, M.D., New York, N. Y. 

Changing Concepts in Scoliosis. 

VL H. Von Lackum, M.D., New York, N. Y. 

Discussion: Albert B. Ferguson, M.D., Brookline, Massachusetts (by im-itation) ; 

Albert C. Schmidt, Milwaukee, Wisconsin; 

Henry F. Ullrich, M.D., Baltimore, Maryland. 

Wedxesd.w, J.antt.akt 2S 

JforniTip Session 

The Use of Skeletal Traction in the Treatment of Fractures of the Femur. 

Edward M. Winant, M.D., New York, N. Y. 
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Open Reduction and Internal Fixation of Long-Bone Fractures. 

Harrison L. McLaughlin, M.D., New York, N. Y. 

External Skeletal Fixation in the Treatment of Tibial Fractures. 

John R. Naden, M.D., Vancouver, British Columbia. 

Discussion; William Darrach, M.D., New York, N. Y. (by invitation); 

H. Osmond Clarke, F.R.C.S., London, England (by Invitation); 

H. Earle Conwcll, M.D., Birmingham, Alabama; 

Mather Cleveland, M.D., New York, N. Y., Chairman. 

Surgical Treatment of Non-Union of Long Bones. 

Dr. Robert Merle D’Aubigne, Paris, France. 

Presidential Address. 

Rex L. Diveley, M.D., Kansas City, Missouri. 

Afternoon Session 

The Cervical Syndrome as a Causative Factor in Certain Shoulder Disabilities, 

Ruth Jackson, M.D., and Margaret Watkins, M.D., Dallas, Texas. 

Discussion: Arthur G. Davis, M.D., Eric, Pennsylvania; 

Arthur Steindlcr, M.D., Iowa City, Iowa. 

Aseptic Necrosis of the Femoral Head. 

Joseph M. Regan, M.D. (by invitation), and Ralph K. Ghormley, M.D., Rochester, Minnesota. 
Discussion: William Cooper, M.D., New York, N. Y.; 

Dallas B. Phemistcr, M.D., Chicago, Illinois. 

Early Effects of Partial Denervation of the Hip for Relief of Pain in Chronic Arthritis of the Hip. 
Benjamin E. Obletz, M.D., Buffalo, New York. 

Discussion; Emanuel B. Kaplan, M.D., Bronx, New York; 

J. Albert Key, M.D., St. Louis, Missouri. 

Hamstring-Tendon Transplantation for the Relief of Quadriceps Paralysis in Residual Poliomyelitis. 

J, R. Schwartzmann, M.D. (by invitation), and C. H. Crego, Jr., M.D., St. Louis, Missouri. 
Discussion: Theodore H. Vinke, M.D., Cincinnati, Ohio; 

Frederick J. Fischer, M.D., Detroit, Michigan. 

Traumatic Proliferations of Fibrocartilage with Ossification in the Genesis of Spondylitis Deformans and 
Traumatic Myositis Ossificans. 

Edwin F. Hirsch, M.D., Chicago, Illinois (by invitation). 

Discussion; Fremont A. Chandler, M.D., Chicago, Illinois; 

C. Howard Hatcher, M.D., Chicago, Illinois (b3’ invitation). 


Thursday, January 29 


Morning Session 

The Status of Lumbosacral Fusion. An Operation of Transfacet Mortised Bone Block. 

Earl D. McBride, M.D., Oklahoma Cit}’’, Oklahoma. 

Arthrodesis of the Spine. An Ankylosing Method Permitting Earlj^ Ambulation. 

Roger Anderson, M.D., Seattle, Washington; Ivan Loughlen, M.D., Seattle, Washington (by invi- 
tation); and Pen-Chien T’ung, M.D., Nanking, China (by invitation). 

The Flexion Block Fusion with Screw Fixation of Facets. 

O. Anderson Engh, M.D., Washington, D. C. 

Discussion: Lenox D. Baker, M.D., Durham, North Carolina; 

L. Ramsay Straub, M.D., New York, N. Y. ; 

Austin T. Mooz-e, M.D., Columbia, South Carolina; 

Alan DeForest Smith, M.D., New York, N. Y. ; 

Duncan C. McKeever, M.D., Houston, Texas; 

David M. Bosworth, M.D., New York, N. Y. 

Acute Antei-ior Dislocation of the Shoulder. 

Toufick Nicola, M.D., Montclair, New Jersej'. 

Postei'ior Dislocation of the Shoulder. 

John C. Wilson, M.D., and Fi'ancis McKecvei-, M.D., Los Angeles, Califoi'nia. 

Discussion: Harrison L. McLaughlin, M.D., New York, N. Y. (bj' invitation); 

N. J. Giannestras, M.D., Cincinnati, Ohio; 

John J. Fahej', M.D., Chicago, Illinois. 

E.xccutive Sessions wci-e hold at noon on Tuesdaj" and on Thuisd:i3-. 


At the Instructional Course dinner on Saturda3" night, an “Information Please” pi'ogiam wjis presented 
which was both instructive and entertaining. On Tuesda3' evening, a stag smoker wzxs hold in the Hod 
Lacquer i-oom, which enabled all present to meet the distinguished foreign guests. 
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The Annual Dinner was held on 'Wednesday evening. The brief program included introduction of the 
distinguished foreign guests; the presentation of the presidential medallion was made to Dr. Rex L. Diveley 
by Past-President Dr. J. E. M. Thomson. At this dinner the awards for scientific exhibits and motion 
pictures were made as follows; 

' iss I: For Originality of Presentation. 

1. Harry B. Macey, M.D., Temple, Texas (Scott and Wliite Hospital), “A Plastic Procedure for Treat- 
ment of Disabling Lymphoedema of the Extremities”. 

2. Garrett Pipkin, M.D., Kansas City, Missouri, “Lesions of the Plica Synovalis; An Intra-Articular 
Disability of the Knee”. 

3. W. H. McGaw, M.D., H. E. Snedden, M.D., and .1. M. Mucklej-, M.D., Cleveland, Ohio, “Pneu- 
marthrograms of the Knee; A Diagnostic Aid in Internal Derangements”. 

Class II: For Scientific \'alue. 

1. George Gcnnett, M.D., and Anthony F. De Palma, M.D., Philadelphia, Penns\'lvama (.Jefferson 
Medical College, Departments of Anatom%- and Orthopaedics), "The Variational .Anatomy of the 
Shoulder .Joint, Especially of the Labrium Glenoidale, the Glenohumeral Ligaments, and the .Associ- 
ated Bursae”. 

2. Paul R. Lipscomb, M.D.; .A. M. McTvelvic, M.D.; A. C. Walsh, M.D.; and J. D. Barger, M.D., 
Rochester, Minnesota (Mayo Clinic), " Histologic Demonstration of .Alkaline Phosphatase in Relation 
to 0.st oogenesis”. 

3. Leonard F. Bush, M.D. ; William H. Von Lackura, M.D.; C. Zent Garber, M.D.; and James P. 
Miller, M.D., New A'ork, X. Y. (New A'ork Orthopaedic Hospital), “Bone Bank”. 

Cla.ss III: For Clinical Value. 

1. John R. Cobb, M.D., Xew York, X. Y. (Hospital for Special Surgery), “Scoliosis: A Stud\' of the 
Mechanical Principles in Idiopathic Scoliosis”. 

2. Vernon L. Hart, M.D., and Wesley H. Burnham, Minneapolis, Minnesota, “The Relationship Be- 
tween Congenital Subluxation and Congenital Dislocation of the Hip”. 

3. David Goldberg, M.D., Springfield, Massachusetts, “Metacarpal Fractures: A Xew Instrument for 
the Maintenance of Position after Reduction”. 

Awards; Gadget Exhibit. 

1. Howard B. Shorbe, M.D., Oklahoma City, Oklahoma (McBride Clinic): Convex Saddle Frame for 
Spine Operations. 

2. Homer H. Strj'ker, Ixalamazoo, Michigan; Oscillating Bone Saw. 

3. Fremont A. Chandler, Chicago, Illinois (Research and Educational Hospitals); 

1. a. Skin Resection and Traction Cast. 
b. Xegative Pressure. 

2. Leg Elevation. 

3. Drill. 

4. Retractor. 

5. Anaesthetic Pads for Spinal Operations. 

Prizes were awarded to the following men, whose motion-picture productions appeared on the Audio- 
Visual Program; 

Gold Medal — Harry B. Macey, “A Plastic Procedure for Treatment of Disabling Ljunphoedema of 
the Extremities”. 

Certificate of Merit — Professor H. J. Seddon and A. E. Barclay, “Cineradiography of .Abnormal 
Joints”. 

Certificate of Merit — J. .A. Leo Walker, “Fusion of the .Ankle Joint”. 

Honorable Mention — Joseph E. Markce, “The .Anatomy of the Plantar Aspect of the Foot”. 
Honorable Mention— Alejandro Velasco Zimbron and Alberto Palacio Gomez, “ Ostcosj-nthesis of 
Fracture of the Xeck of Femur by Pegging with Fibular Bone Splints”. 

At this dinner diplomas were presented to the following newly elected Fellows b 3 ' President Rex L. 
Bivelcy and Dr. J. Warren VTiite, Chairman of the Membership Committee. 

Stanlej’ Sisco Atkins, M.D., Asheville, Xorth Carolina 
Robert G. Brashear, M.D., Knoxville, Tennessee 
John R. Buchanan, M.D., Youngstown, Ohio 
Felix L. Butte, M.D., Dallas, Texas 
James J. Callahan, M.D., Chicago, Illinois 
Alfred V, Cherrj-, M.D., Buffalo, X. 

James H. Cheriy, Asheville, Xorth Carolina 
Mark B. Coventry, M.D., Rochester, Minnesota 
Patrick C. Doran, M.D., .Akron, Ohio 
Paul H. Dube, M.D., Lakewood, Ohio 
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Daniel B. Eck, M.D., East Orange, New Jersey 
Charles L. Farrington, M.D., St. Petersburg, Florida 
George G. Fox, M.D., Meriden, Connecticut 
Morris S. Friedman, M.D., South Bend, Indiana 
Joseph D, Godfrey, M.D., Buffalo, Now York 
Meyer Zachaiy Goldner, M.D., Minneapolis, Minnesota 
Irvin E. Hendryson, M.D., Denver, Colorado 
Alan B. Hirschtick, M.D., Chicago, Illinois 
Irwin B. Horwitz, M.D., St. Louis, Missouri 
Louis W. Jones, M.D., Wilkes-Barre, Pennsylvania 
Graham A. Kernwcin, M.D., Minot, North Dakota 
Byron B. King, M.D., Benton Harbor, Michigan 
Joseph C. Lam'encc, M.D., Evansville, Indiana 
Louis J. Levy, M.D., Fort Worth, Texas 
F. 0. McGehee, M.D., Houston, Texas 
John G. Manning, M.D., Pasadena, California ' 

Carl D. Martz, M.D., Indianapohs, Indiana 
John L. Marxer, M.D., Portland, Oregon 
Matthew Mendelsohn, M.D., Washington, D. C. 

Benjamin S. Meyer, M.D., Birmingham, Alabama 
James Walter Miller, M.D., Seattle, Washington 
Moore Moore, Jr., M.D., Memphis, Tennessee 
Roy I. Peck, M.D., Philadelphia, Pennsylvania 
William S. Perham, M.D., New Haven, Connecticut 
Robert B. Portis, M.D., Beverly Hills, California 
Frederic W. Rhinelander, M.D., San Francisco, California 
Albert H. Rodi, M.D., Los Angeles, California 
Myi-on G. Rosenbaum, M.D., Albuquerque, New Mexico 
Olav Rostrup, M.D., Edmonton, Alberta, Canada 
Francis B. Roth, M.D., New York, N. Y. 

Carter R. Rowe, M.D., Boston, Massachusetts 
Ralph E. Rowen, M.D., Little Rock, Arkansas 
Americo Savastano, M.D., Providence, Rhode Island 
Louis Scheman, M.D., Chicago, Illinois 
Lee C. Schlesinger, M.D., New Orleans, Louisiana 
William J, Schnute, M.D., Chicago, Illinois 
Harold Seidenstein, M.D., New York, N. Y. 

Frank B. Smith, M.D., Portland, Oregon 
William F. Stanek, Jr., M.D., Denver, Colorado 
John B. Stevens, M.D., Syracuse, N. Y. 

Lee Ramsay Straub, M.D., New York, N. Y. 

David R. Telson, M.D., Brooklyn, N. Y. 

Arthur A. Thibodeau, M.D., Boston, Massachusetts 
Albert A. Tisdale, M.D,, Austin, Texas 
William J. Tobin, M.D., Washington, D. C. 

Henry F. Ullrich, M.D,, Baltimore, Marjdand 
Francis P. Walsh, M.D., Detroit, Michigan 
Edgar H. White, M.D., Cincinnati, Ohio 
Edward M. Winant, M.D., New York, N. Y. 

It was announced that the follondng had been elected to Corresponding Membership: 
A. Montagne, M.D., Lima, Peru 
Harry Romney, M.D., Havana, Cuba 
Vaclav Tosovskj’-, M.D., Sokolska, Czechoslovakia 
Jaroslav Slavik, M.D. Italska, Czechoslovakia 
Jan Cervenansky, M.D., Bratislavia, Czechoslovakia 
Med A. Monberg, M.D., Copenhagen, Denmark 

The follovang were elected to Honorary Membership: 

H. Osmond Clarke, F.R.C.S., London, England 
Murray Copeland, M.D., Washington, D. C. 

Tlie following members were transferred to Emeritus Membership: 

Alfred Leslie Craig, M.D., Honolulu, Hawaii 
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John Dunlop, jM.D., Pasadena, California 
Alonzo Myers, M.D., Charlotte, North Carolina 

The officers of the Academy for 194S are: 

President: MjTon O. Henry, M.D., Minneapolis, Minnesota 
President-Elect: Mather Cleveland, M.D., Ken- York, N. Y. 

Vice-President: Allen F. Voshell, M.D., Baltimore, Marj'land 
Secretary-: Harold B. Boyd, M.D., Memphis, Tennessee 
Treasurer; Fremont A. Chandler, M.D., Chicago, Illinois 
Librarian-Historian: Edward L. Compere, M.D., Chicago, Illinois. 

The Sixteenth Annual Convention will be held at the Palmer House, Chicago, January 22-27, 1949, 
under the presidency oT Dr. MjTon O. Henry. 

SUGGESTED PLANS FOR BETTER COOPERATION OF ORGANIZATIONS CONCERNED 
WITH APPROVAL OF RESIDENT TRAINING PROGRAMS 

bt gut a . c.xnnn'Et.L, m.d., xew okue.vns, LOUisr-VK-x* 

All organizations concerned -with graduate training realize a need for closer coordination of their activi- 
ties. The American College of Surgeons, the Council on Medical Education and Hospitals of the American 
Medical Association, and the specialty boards are most directly concerned with inspections and approval of 
sendees for specialty training. Each of these is interested in promding the best possible graduate training in 
the specialties and, in general, thej' have similar standards and requirements specified for the hospitals and 
their staffs to meet. However, as the scope of activity of the various organizations has broadened, there have 
developed some overlapping and duplication of efforts. Some hospital sendees have been inspected bj^ a repre- 
sentative of the American College of Surgeons and subsequently bj' someone from the Council on Medical 
Education and Hospitals. Sometimes the opinions of the two inspectors have differed, and the lists of approved 
services which were published, one by the American College of Surgeons and the other by the American 
Medical Association, therefore, have not always been uniform. Some residencies approved bj' the College 
were not recognized by the Council, and vice versa, all of which has been confusing to prospective trainees and 
embarrassing to the certifjdng boards. 

The munber of approved services has increased rapidly during the past three years, and many of them 
\ were approved only on a temporarj' basis. Therefore, at this time, there is need for reidew or reinspection of 
nearly all recognized seiadces. So few qualified inspectors are available to the Council and College, that it 
may be several years before all the needed inspections can be completed. Under these conditions, the Ameri- 
can Board of Surgery and the Joint Committee on Graduate Education of The American Academj- of Ortho- 
paedic Surgeons and The American Orthopaedic Association obtained the consent of the Council on Medical 
Education and Hospitals to have some of their ou-n diplomates ^^sit hospitals with tentatively approved 
services and make reports on the present status of these services. 

By sending out a large number of qualified men simultaneously, these two boards obtained a nationwide 
survey of the training in surgerj’ and orthopaedic surgerj- in a few months’ time. Reports made by these 
diplomates, acting as inspectors, were of special interest to the Council because, for the first time, the reports 
were made by men capable of judging the quality of surgerj- performed, the teaching abilitj- of the staff, and 
the effectiveness of the training program from the viewpoint of the residents. 

As a result of the efforts made bj' the Joint Committee on Graduate Education and the American Board 
of Surgerj-, a meeting was held in Chicago, on Februarj- 21, of the Council on Medical Education and Hospi- 
tals, the trustees of the American Medical Association, a committee of regents of the American College of 
Surgeons, the secretarj- of the Medical Advisorj- Board, and representath-es of the American Boards of 
Surgerj- and Orthopaedic Surgerj-. The purpose of the meeting was to set up uniform standards, to eliminate 
duplication of effort and expenditure of funds, to pool the reports of inspections, and to make the resultant 
information av-ailable to all parties concerned. 

An excellent spirit of cooperation was manifested bj- all present and the meeting culminated in the 
designation of a committee of seven, representing all the related organizations, who are to formulate recom- 
mendations and working plans for a unified service and common standards. Their plans will also provide for 
more frequent and competent inspections of resident-training services, and should eliminate conflicting 
tepovts aud lists. 

Orthopaedic surgeons may be interested to know tliat much of this construetiv-e mov-ement has been the 
outgrowth of the excellent w-ork of the Joint Committee on Graduate Training. The reports of the earlv w-ork 
and inspections done by this Committee three j-cars ago have led to the recent surv-ej-s and widespread inter- 
est in future planning. 


* President of the American Board of Orthopaedic Surgerj-. 
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Chronic Structural Loav Backache Due to Low-Back Structural Derangement. R. A. Roberts, 

B.Sc., M.B., Ch.B., D.M.R.E. London, H. K. Lewis and Co., Ltd., 1947. 45 shillings. 

Under this descriptive but awkward title, the author discusses the various developmental defects of the 
lower back as etiological factors in the production of low-back pain and sciatic pain. The studies upon which 
the n^ork is based were made mostly in a temporary base hospital, serving the Middle East Forces. This ac- 
counts for the imperfections in reproduction of many of the roentgenographic illustrations, but the author 
has made tracings of the original films which demonstrate the defects discussed. 

Case histories are presented in the discussions of the different defects, and the importance of tracing the 
histories back to childhood is emphasized, as most of them divulge recurring attacks of back disability over a 
period of many years. 

The theory is advanced that the bone defect of the pars interarticularis of the neural arch, known also 
as spondylolysis and separate neural arch, is not a defect of ossification of that part, but rather a linear de- 
ossification due to overstrain from the upright posture, with consequent changes in the soft parts similar to 
those oceurring in so-called march fractures. The author describes a softening with downward and forward 
sagging of the arch, with roentgenographic appearance of a translucent striation across it. He mentions the 
possibility of re-ossification of the part with formation of an S curve in the bone. 

Readers who have examined a number of macerated specimens of this defect, particularly the unilateral 
ones, and have noted the facility with which march fractures heal, will hesitate to accept this theoiy. 

Supernumerary ossicles which cause widening of the pars interarticularis of the upper lumbar vertebrae 
are thought to represent bridging of the de-ossification defects. In the illustrations the}" suggest irregular 
calcifications of the interspinal ligaments. Defects in o.s.sification of the articular processes are mentioned as 
of frequent occurrence and of major clinical importance. The various types are well illustrated. 

Diminished intervertebral space is considered a frequent cause of back pain, particularly when accom- 
panied by sclerosis and lipping of the adjacent vertebral bodies, which suggest prolonged mechanical irri- 
tation. 

In Chapter VIII are discussed backaches without recognizable roentgenographic changes. These arc 
often associated with genito-urinary, psychiatric, rheumatic, or gastro-intestinal disturbances. It is argued 
that often such disturbances arc the result, rather than the cause, of mechanical overstrains and soft-tissue 
abnormalities of the back, with involvement of nearby sympathetic ganglia. 

The author concludes that structural derangements of the back give rise to backache onl}' as they 
affect stability of the part, thereby throwing e.xcessive strain on the ligaments and muscles with consequent 
oedema, e.xudation, adhesions, and contractures. 

Treatment of backache due to structural defects is predicated on the assumption that the ache is the 
result of mechanical strain, consequent upon the upright posture. The first objective is, therefore, reduction 
of this strain by flexion and balancing of the lumbar curve, and the restoration of tone to the muscles that 
maintain it. Temporary support, e.xercises, and occasionally manipulation to free adhesions are the principal 
suggestions. When there is definite evidence of permanent instability or when disability is progressive, surgical 
stabilization of the part is indicated. 

Two operative procedures are mentioned, — the bone-graft fusion and Dandy’s curettage of the inter- 
vertebral disc. Since Dandy’s discussion of spond 3 dolisthesis was based on Neugebauer’s essay on that sub- 
ject, published in 1892, it has not ivon much credence. 

In the closing chapter, the frequency of the faulty diagnosis of malingering is stressed and ease histories 
are presented, showing the injustice done many individuals through failure to stud}" each patient thoroughly. 
.Actual malingering is rarely found, if a careful study is carried out. 


British Surgical Practice. Volume I. Edited by Sir Ernest Rock Carling, F.R.C.S., F.R.C.P., and J. 

Paterson Ross, M.S., F.R.C.S. London, Butterworth and Co., Ltd., 60 shillings (25 pounds for the set); 

St. Louis, C. V. Mosby Company, 1947. .S15.00 (.SI25.00 for the set). 

British Surgical Practice comprises a series of eight volumes, plus an index, dealing with surgical diagno- 
sis and .surgical technique. Volume I is now available. Volume II will be ready very soon, and the remaining 
volumes are scheduled for release during 1948 and 1949. The completed set is expected to contain from 4,200 
to .'5,000 pages. 

The subject mat ter, which covers the field of surgical practice, is arranged .alphabetically, so that Volume 
I begins with .Abdominal Emergencies and concludes with the Autonomic Xervous System. A long list of 
eminent surgeons have contributed to Volume I. In general, the articles are classified as to etiology, surgical 
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and morbid anatomy, tho clinical picture, differential diagnosis, treatment, and results of treatment. Eaeh 
volume has an index; upon completion of the set, an anah'tical index ^vill be published as a separate volume. 

In order that the set ma}' be kept up to date, an annual supplement u'ill be published, correlated with 
the original volumes by a key number. 


X M.vkoau of FmACTUKES Disloc.^tions. Ed. 2. Barbara Bartlett Stimson, .\.B., M.D., Med. Sc.D., 

F.A.C.S. Philadelphia, Lea and Febiger, 1947. S3.25. 

The second edition of this handbook on the diagnosis and treatment of fractures and dislocations is writ- 
ten in a concise and practical manner, and is useful for medical students and practitioners who do not spe- 
cialize in the treatment of these injuries. The author’s experience has been broad, as, for many years, she has 
been associated with a large teaching fracture seivice in Xew York City; she bases her opinions on the records 
of more than 21,000 fractures and dislocations, many of which she herself has observ’ed and treated. The 
author admits that there arc frequently many ways to treat the individual fracture, but she has selected, by 
and large, those methods which, in the experience of the fracture clinic of the Presbi-terian Hospital-Colum- 
bia Medical Center, have proved most effective. 

A few points should be questioned. The illustration of Russell traction does not appear to be quite 
correct; internal fixation of fractures does not necessarily shorten the period of external fi.xation; internal 
fi.xation does not speed healing of fractures, — rather, in some cases it may retard healing. There is no real 
substitute for callus. The pillow and sideboard splint should be advocated for the temporary splinting of 
fractures below the knee. 

The chapters on the healing of bone and on the principles of fracture treatment are particularly worth 
while, and can be read with benefit b}’ all interested in the management of fractures and dislocations. 


Mixor Surgery. Ed. 6. Frederick Christopher, B.S., M.D., F..\.C.S. Philadelphia, Y'. B. Saunders Com- 

panj-, 1948. S12.00. 

The latest edition of this textbook presents a thorough revision of that published in 1944; many sections 
have been rewritten and new sections have been added. Increasing importance is ascribed to the sulfonamides 
and to antibiotics, and information gained from ex'perience in World War II has been incorporated in the 
discussions of such subjects as burns, varicose veins, and artificial respiration. The sections on wound healing, 
fractures of the carpal scaphoid, Colles’s fracture, march fractures, skin-grafting, and others, have been 
amplified. 

The final chapter, “The Surgical Intern”, contains much practical information and has long been a useful 
guide for interns. Each chapter closes with an extcnsi%'e bibliography. 

In its scope of subject matter, this continues to be one of the foremost surgical te.xts for students, in- 
terns, and general practitioners. The field of minor surgeiy is ■vast and always increasing. 


Dise.\ses of the Joints and Rheut.e\tism. Kenneth Stone, D.M. (Oxon.), M.R.C.P. London, William 
Heinemann, Ltd.; Xew York, Grune and Stratton, 1947. 86.50. 

.4nj‘one interested in the diseases of the joints and rheumatism would do well to peruse in a careful man- 
ner this book by Kenneth Stone. It contains a great deal of information, interestingly presented. 

The chapter on “General Anatomi' and Physiologj- of the Joints” is well done. It does, however lack 
complete information concerning sjmovial fluid, — particularly the interpretation of variations in cellular 
and chemical findings. 

The author uses in an effective style the original descriptions bi' many earl 3 - writers. This gives one the 
impression that the work was studiouslj* compiled. 

All medical orthopaedists and orthopaedic surgeons should read Chapter IV, “Rest and Movement” 
One maj' not agree vith all that Stone saj's, but the fundamental therapeutic principle is correct. Its appli- 
cation is the thing to learn. 

A lack of close a.ssociation and exchange of ideas between the medical orthopaedists and the orthopaedic 
surgeons tends to delay the diffusion of knowledge; this is obvious in the chapter on “Painful Hips ”. Xo men- 
tion is made of mold arthroplastj’ as a method of reliei’ing the pain in these conditions. 

The concept and use of the terms “rheumatism” and “fibrositis” is presented clcarlv, and peru.sal of 
the book gives a better understanding and a little more confidence to the physician who confronts a patient 
complaining of rheumatism. 

Regional Orthopaedic Surgery and Fund.a.mental Orthopaedic PRonLE.M.s. The American Academv of 

Orthopaedic Surgeons. James E. -M. Thomson, .M.D., Editor. Ann .Arbor, Michigan J W Frin-",-,!. 
1947. 86.00. fe . ■ . x.unara.s 

Thi,s volume of lectures given during the Instructional Courses of The American Academy of Orthonaed' 
Surgeons, in January 1946, differs from the first two volumes in that it is directed toward the problems of 
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civilian orthopaedic surgery rather than toward those arising from war. Thirteen courses of lectures are in- 
cluded. The regions of the foot and ankle, the hip, and the shoulder are presented, with consideration of 
their anatomy and of the diagnosis and treatment of associated pathological conditions. Other lectures con- 
cern fractures, x-ray interpretation, poliomyelitis, cerebral palsy, physiology, club-foot, and posture. 

A distinguished group of surgeons contributed to this work. The volume is well prepared, and the il-'- 
lustrations are lavish in number and of excellent quality. The lectures represent a fundamental approach to 
the problems of orthopaedic surgery; they are of great value to students, teachers, and practitioners of 
orthopaedic surgery. 


Ameeican Medical Reseaech Past and Peesent. Richard H. Shryock, Ph.D. New York, The Common- 
wealth Fund, 1947. S2.50. 

This authoritative and compact summary (325 pages) of a very large and cumbersome subject ij spon- 
sored by the Committee on Medicine and the Changing Order, established in 1942 by the New York Academy 
of Medicine. It is one of a series of monographs “designed to provide the framework for an understanding of. 
the current medical situation and its trends. Contemporary medicine is treated as a product of evolijtion. 
Richard H. Shryock is Professor of American History and Lecturer on Medical History at the University of 
Pennsylvania. He wrote “Development of Modern Medicine” in 1936, and is the author of various articles 
in the field of medical history. 

The book has probably greatest value in its brilliant treatment of the early scientific and cultural in- 
fluences upon research in America up to the modern age of philanthropic, industrial, and governmental sup- 
port of research. British, French, and German periods of influence are traced. It is no doubt impossible for 
anyone to gain a proper perspective of modern trends at this early date after the second World War. Specula- 
tions are influenced by unusual modern trends, as illustrated by a statement originating from A. N. Richards 
“Actually, a $2,000,000,000 Manhattan Project on cancer — where the basic leads are not yet clear— would 
probably only waste large sums of money, if it did not do more positive damage.” That the issues are even 
today not yet clear is suggested by the plaintive remark at the end of the book: “The research worker who 
considers historical perspective a waste of time, who assumes that nothing was done in his field until the las'' 
century or even the last decade, and who is indifferent to the larger outcomes, is on much the same level aft 
those laymen who dismiss all research that is not ‘practical’.” 

That the value of basic research is still in doubt, in spite of such notable examples as the great German 
discoveries of the latter half of the last century, is remarkable. The time lag between basic discovery (original 
thought) and application in diagnosis or therapy has been enormous; it is not always the result of blindness 
lack of potentialities, but may rather be due to lack of knowledge of related fields, necessary to assimiijite -u 
implications of the discovery. The author has very properly submerged the contribution of American research, 
compared to that of other countries, in the description of the whole trend, for medical research transcends 
international boundaries. In spite of some fundamental American discoveries, one is left with the idea that 
our contributions have been largely technological. Examples are the development of the use of the sulfona 
mides, penicillin, and the electron microscope. One hopes that the author some day will develop the theme of 
what circumstances — historical, environmental, cultural, financial, or legislative — are the most favorable ff 
the development of important discoveries in medical sciences. 

The general physician or specialist who has a personal interest in gaining perspective in the growth of 
medical ideas and introducing himself to current trends will find that this book will give him an excellent 
introductory course. The references will suggest further reading. For the rest, it will appeal, as John F. Fulton 
suggests in the Preface, to those actually engaged in medical research, teaching, or medical administration. 
Those who dispense funds for research should find it of essential importance. It is not easy or popular Reading, 
but it deserves careful, meticulous study. 


Sports for the IL\.ndicappbdi Ed. 2. George T. Stafford, Ed.D. New York, Prentice-Hall, Inc., 1947}. $5.00. 

This concise text of 334 pages bj’’ a well-recognized Professor of Physical Education brings to inficrestcd 
readers a mass of material and e.xperience, largely taken from the reconditioning program of the Ariiiy hos- 
pitals. It emphasizes the importance of physical recreation for those patients convalescing from- severe 
permanent disabilities. 

.\s a ready reference for workers interested in physical medicine, physiotherap}^ and occuf/Stional 
therapy, it should servo as a useful manual and guide; and for those physical educators interested in f^n^Tlial 
exercises for the phi^sically handicapped, it should fill a place of major importance. For the ortlC^paeclic 
surgeon and those in allied fields of medicine, the descriptive medical material pertaining to specific disease 
or injury is not entireli' up-to-date. 

On the whole, however, from the point of -view of the permanently disabled and their later convalescent 
treatment, this book will provide trained workers in physiotherapy and occupational therapy with a guide 
«-Lli.niniT tlie linrizon of recreational activities adaptable to the severely handicapped. 




